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The purpose of this report in general is to provide informstion
on the separation processes in which plutenium is separated from uranium
and radioactive fission products and finally obtained as a concentrated
product of high . purity. Specifically this report deseribes the vari-
ous separation processes which have heen developed snd gives their status
as of Tune 1, 1944.

The chemical precipitation processes constitute the most impor-
tant group of separation processes upon which development work has been
. done. The bismuth phosphate-lanthanum fluoride proceass is in operation at
Clinton and will be operated at Hanford. Other processes in this group in-
clude lanthanum fluoride, sodium uranyl acetate, uranous oxalate, and co-
lumbic oxide. The Hanford process, of course, is the most important and has
been studied the most extensively.

Other types of separatiom processes that have been investigated
are resin sdsorption, solvent extraction, and fractiomal volatilization.
Considerable laboratory research work has been done on synthetic resin ad-
sorption processes, some of the mechanical operations have been proved in
the semi-works, and a design for use in the extraction step of the Clinton
plant has besn completed. Semi-works runs have been made on a continuous
countercurrent ether extraction eycle. The fluorination step of the frae-
tional volatilization or dry fluoride process has been performed in the semi-
works. lNone of these methods has been established as & complete separation
;Jrocesa for the extraction, decontamination, concam;ratian, and isolation of

plutoniunm.

On the basis of this survey it is concluded that none of the sepa-
ration processes other than the present Hanford process and possibly the
lanthanum fluoride process has been developed sufficiently for plant design
snd operation. It is believed that this report will be of value to those who
are interested in securing a general knowledge of the separation processes,
together with the current status of each. For this purpose it should be kept
up to date. I% is recommended that 211 process developments be evalusted in
order to facilitate research. To expedite this evaluation it is suggested
that esch process be evaluated monthly by the research group responsible for
its develorment and that this information be transpitted to an independent
group for an overall evaluation of ths developments in connection with all of

the sepuration processes.
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INTRODUCTION

The objective of this program is to follow all developments
on the separations processes, to maintain an index of the sources of
detailed information, cnd to0 condense the more significant facts and
data into summaries for the Technical Division, General Engineering
files., Reports CN-1017 and CN-1603, which include descriptions, flow-
sheets and critical evaluations of the maian line and four alternate sep-
aration processes, were prepared on this authorization and have been
issued. These reports, however, cover only the period prior to October 1,
1943. The purpose of the present report is to summarize the development
work on various separation processes up o June 1, 1944.

Por the preparation of this report the project literature has
been reviowed and the data included herein are primarily from this source.
In order to provide a substantially complete record of this separation
work, an attempt has been made %o mention in this report all of the sep-
aration carriers even though several of these are of very minor importance
and camplete processes have not been developed for them. Since an endless
nunber of process couplings 1s possible, only the more important ones have
been deseribed.




GENERAL DISCUSSION

The purpose of the Hanford plant is to produce a
plutonium compouad in satisfactory yield and purity. The plutonium
(Pu) is menufactured by a sslf-sustained nuclearuggg;n reaction through
the adsorption of slow or thermal neutrgﬁgsby_ « Fast neutrons
are furnished through the fission of 92 angzare noderated to thermal
energy by transmissicn through graphite. These reactions take place in
a "pile" which conaists of a large cubical structure of graphite blocks
with horizcntal Al tubes spaced throughout in a lattice arrangenment.
Thess tubes are filled with U cylinders or slugs (8 in. long by 1.36 in.
‘dia.). Large gquantities of cooling water are passed through the tubes
to prevent damage to the pile from the heat of reaction. The slugs are
enclosed in Al jackets 35 mils thick, which prevent corrosion of the U
and attendant removal of the nuclear reaction products by the cooling

water. , .

In cperution of the Hanford plant it is planned to irradizte
the slugs sboub 100 days at 250,000 KW power level. An average of 250
grams of Pu will be produced per ton of U when the pile contains 1060
sons of U, Ia addition, approximately 279 grams of mixed fissicn prod-
ueds por ton of J will be formed simultansously. Of this amount aboud
1% grams sre radicactive after 00 days storage.

ATter 100 days operation the sluge are pushed from ths pile
and stored under water for 60 days. The purpose of this Eggrage is two-
fold. During bthis period a considersble quantity of NP changes to
Pu., 4180 the ggmma acgiviﬁy associated with the averdge ton of U de-
cresges from 10° +o0 10 curisa. One of the purposes of the separation
process is %o reduce this activity to sbout 0.010 curies. This is the
maxinum amcunt of radiosetivity with which a person can work routinely
with csome lozad shieldins and other precauticns. ' .

The distribution of Pfission products present following the 60-
day storage or "cooling’ period is shoum in Table I. The emounts of
major active fission isotopes are compeared with the total amount of these
slements present. It skould e pointed out that not all of the fission
products will de radioactive, because stable ends of the decay chains
will be thore alszo. Nstimates are also given of the amounts of fission
products present which have no significant radiocactive portions aftsx the
cocling period is over (IUC-GTS-745).




FISSION PRODUCT CONTENT OF PILE METAL
100 days operation at 2500 KW?ton. 60 days decay
(Ref. MUC-GMS-745)

Fission Products with Active Isotopes

Active Isotopes Total Isotcpes (active & inactive)
e T TN
554 Sr 1.32 S  10.7
5S74Y . 1.3 Y 7.5
65d Zr* 1.35 Zr 26,5
35a Cb* 1.01 Cb 2.2
40d Ru* 0.84 R 14
330d Ra 0.45
8d I 0.002 I 1.75
i2.54 Ba 0.055 Ba 11
40h 1s* 0.0086 La 11
284 Ce 0.605 Ce  29.2
2404 Ce 6.4
. 17m Pr _0,00022 Pr  _13
Total 13 Total 137
Fission Products with Ho Active Isobopes
Gm/son U Sa/ton U
Sa 0.25 Sb 0.05
2p 0.15 Te 3.2
Xr 3,70 Xe 29.8
Kz 4.5 Cs 29
Ho 21.7 M 28.2
43 7.25 Sm 8.25
B2 2.5 B 1.28
A 1.5 6d __0.05
Az 0.225 _ Total 142

Total grems of active fission preducts per ton of U
- _ Totel grcws of ivaetive fissicn produets per ton of U

- * Ippersant govma emitters
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gg;;pzvadbling,"%gb slugs are transferred under water to the

. separatfgns area for processing. The purposge of the separat;on process

- is to obtain a pure product decontaminated by a factor of 10’ for gamnma
activity. Because of the high radiation levels these operations must

. be carried out by remote control and behind shielding. The separation

- procedure is complicated by two main factors: (1) <he fission products
constitute a mixture of elements with diverse chemical properties; (2) a
variety of radioasctive elements must be removed simultaneously to levels

less than 1 p.p.m.

The four ¢$ypes of separation methods which have been developed
are chemical precipitation, solvent extraction, adsorption, and fractionsl
volatilization. The first three types are often referred to as the wet
processes and the last one as a dry process. Various couplings of the dif-
ferent types of processes are possible and many of those have been tried.

The first separation step in the wet processes is the removal of
the Al jacket and dissolution of the U., The alumimum-jacketed slugs are
dumped from the storage baskebs into a dissolver where the Al jacket ia dis-
solved and the resulting solution jetted t0 waste. The U is then dissolved
with IMNO;. In subsequent steps, which vary with the type of process, Pu is
extracted from the U sclution, the Pu solution is decontaminated and con-
centrated, and fipnally the Pu is isolated in a concentrated solutiom of

high purity.

} The precipitation processes for the separation of Pu consigt of

° a succession of precipitations in which Pu and fission products ars co-
orecipitated witl: inactive compounds, such ss B:L'PO4 and IaF3 These in-
active compounds, which are called “carriers®™, are selected so that Pu is
co-precipitated or "carried" in only ons of i%s oxidastion states. The pre-
ﬂipitaﬁion ¢onditions are regulated so that a minimum anount of Pission
products is cavr,ed similtaneously with Pu and a substantial frsction is
carried when Pu is not co-precipitated.

Iz the solvent extraction processes the Pu and & =mall percentage
of fissicn producis are extracted from an aqueous UN solution by an immis-
¢ible solvent ané then the Pu i3 extracted from the solvent by a smell vol-
ume of aqueous UN soiution. This ¢yele cen be repeated for additional de-

contemination, concentraticn and purification.

<o the edsorpiicn processes Fu $ogether with sone U and fission
products is adsorbed in a rssin-packed column. These elements are then
glutriated from %he column selsctively. Subsequent cycles can be performed
for =2dditional decontamination, eoncentration and isolation.

In the fracticnal volatilization or so-called dry process, Fé is
nasged over the slugs and voletile fiuorides of U, Pu and a few fission prod-
c uets are formed, leaving bshind most of the fission moducts. These vola-
%ile flucrides zre condensed znd then separated by distillaiion.

< Tarious nrocesses have been developed for the four types of separa-
tion metheds nmentioned zbove. These are desepibed in debail in the follawing
sections of this report, whick “Ru’g@?ﬂﬂ*ﬁ5$§%

gbatus a8 of June 1, 1944.




JACKET RIMOVAL AND METAL SOLUTION

Jacket removel and metal solution are the first steps in all
the wet separation processes. Jacket removal or laceration is the first

d step in the dry process.

Jecket Removal

The U slugs are jacketed with Al which may or may not be bonded
to the U. The purpose of the jackets is 4o prevent corrosion by cooling
water in the pile and resulting contaminstion of this water by Pu and fis-
sion products. The advantages of using a bond are better heat transfer
end also minimized undercutting of the Al jacket by weter if corrosion
through the jacket occurs. The different bonds that have been used include
Zn, Zn-Sn, and Al-Si. Thse slugs are dipped into a melt of the bonding ma-~
terial, inserted into Al cans, and then Al caps are welded on. The Al-Si
bond for the Al jackets has been used the most extensively, but it is the
most difficult to remove.

The Al jackets must be removed in the separation process. In

the wet processes the Al would interfere chamically in the extraction step.
In the dry fluoride processes the jackets must either be dissolved off or
lacersted to permit fluorinetion of the U slug inslde. The principal jacket
renoval methods are shown in Tables II. The Al can be dissolved in 10% HNO
plus 0.15 Hz(NC0:)5, which acts as a catalyst. This solution will also re-
move Zn ard Zn-Sn but rot 41-Si bonds. The latter con be removed by an ad-
ditional sreatmest with TaCH, It is piansed to use Al-5i bonded slugs at
Ianford and the above nethod using EEOS + Eg(NOs) fellowed by 1alH is ten-
tatively specified on the lanford flowsheet dated larch 29, 1944. The
metheds involving EF qnd I;F0, do not appear astirective. The HF forms a
precipitate, possibly UF .» which adherss to the U. The E FO requirss a
high temperature {1 80=20@°C ) and csuses a high U loss. tf B end BgPO

would prebsbly present corrosion problems. Recently favorable results™ha

been ¢cbizined with BOH < NaﬂOs followed by Lmos x hg(NOs)z to complete the
seale removal.

The folicwing equations typify the poésible reactions for jacked

Temovral:
Al s &7 m -«suu(o) 'I‘IG+H20 {1)
2 A ¢ 2 TalH + 2 H0 —>2 IiaAlOz v 3 Hy (2)
Si + 2 NalH + Hgo -....yNaz.%é.Os - 2 Hz (3)
8 A1 ¢ 5 HalH ¢ 3 NalOz v 2 Hy0 —38 NaAl0, + 3 THy {4}

£3 gtassd previcusly, the A1-Si bond is difficult to remove. It
- i3 believed that a sernary alloy (A1, Si, U} is formed between the bond and
U. Bseause an A1-Si alloy itself will dissolve slowly in NaOH, the difficultly
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_ 3oluble scale which remains on the slug is believed to be this ternary
- alloy. Since no promising method has been developed for the removal of
this scale completely by dissolution with WaOH, the spproach has been to .
7 dissolve the Al jacket and the Al-Si alloy and then to remove the small
o amount of insoluble scale so as to produce a relatively clean slug., If
the scale is then slurried from the dissolver prior to the dissolution of
the U metal, the final metal solution should contain only small amounts of
it. The amount of the scale removed appears %0 increase slightly with in-
creasing NeOH concentrations up to about 30%. The amount of scale removed
is not sufficiently increased, however, with solutions more concentrated
than 30%. The maximum emount of Igz evolution during the treatment is not
greatly altered by variations of INaOH concentrations and appears to be
about 200 ¢.f.n. per 6 ton charge of Hanford slugs. The additiom of
to NaOH solutions improves the scale removal. The amount of H O, required
decreases a8 the Na(H concentration increcases. Thus with 30% » 10% of
HoOg added slowly over ome hour was required to remove more than 90% of the
scale from a l-in. section of an Al-Si bonded slug. ''ith 50% NaOH, however,
only 4% of Hp0, added slowly over one-half hour was needed.

Laboratory studies of the rates of gas evolution eand dissolution
of Al have bcen made. The use of a NaOH-NaNO_ solutiocn reduced the ev0-
lution %o leas than 0.5% of that whieh was prgduced by the use of NaCH alone.
The quantity of il produced when Al was Cissolved in a NaOH-NalNO, soluticn
was substantielly equsl %o that indicated by Eguation 4. The rediction c.

‘ Hp evolution is desiratle $0 minimize the danger of an explosion. Theso ex-
- periments were psrformed using soluticns ot 70°C. in whieh the NaCH concen-
tration was varied from 2 X f0 5 X and the NaNO, concentration was varied
from 1 M %0 4 1. In the same range of coneentrations the rate of dissolu-
$ion of the Al was not significantly chanzed by variastions in the concentra-
ziocns of Nall0_ and MaCH. However, an increase of the temperature from €0 -
100°%¢. triplag the rate of dissolution of %he Al throughout the range of
KaOE and FoNQ. concenirations studied zbove. At 100 C. the 82 evolution was
s%ill less thin 2% of that which i3 ob%aoined with 1a0OH alone under the sams
cordi%ions. TFreliminary ezperiments in which the Al-51 alloy waes dissolved
in 33&0H~Nal305 solutions suggsst thas Nalioz does notb reduge the evolution of
H, ia the reaction of i with NeOH {Equation 3). At 100 C. the calculated
mazimm vobe of YH, evolution per 8-ton ¥ ¢harge will be about 200 c.f.m.
when the Al jacket is dissolved iz NaC 1-2332105 golutions. Using HNC, ¢ 0.06%
Hg(W0: )5 solution for dissolving the Al Jackdt (Equation 1) the rate of dis-
solutj"?on of this jacket will be ebout in direct proporticn to the HNCy con-
centration and the calculated rate of NO evolution st Hanford (&-ton charge)
using 10% HN0, i3 218 c.f.m. (N-1037).

Since it appears that the complete removsl of the Al=-Si bonded
jacket will require prolonged treatments with eltker HI_ or WaCH the rate
of dissolution of the U metal in these conting removal stlutions was in-
vestigated. The rate of dissoiution of U in NaOH solubtions was found to
increege 3lichily a8 thoe NelH concentration incressed. However, even in 50%
Na0X 4he calculsied weigh? loss for a clean Hanford slug was less than 0.2%
Z per Leur. On the other hand, increasing the HNO, concentration from 10 $o

20% increased the caleulated weight loss frem 0.14 to 1.1% per kour. The

oeegence of Si({N0-). in g greatly ipersssed the rate of dissolution,
whereos the presenve of elther &31’33 ov I@ALl0, 414 poi materially alter she
sepe of fizsciutlon by HolE, i "o
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¥ive runs on a semi-works scale testing the effects on the BiPO
seperations process of the insoluble material remaining after the removal
of the Al-31 bonded jacket have been completed. After jetting the jacket
removal solutions from the dissolver, the insoluble secale carried with
them was separated and returned o the dissolver so that a maximum smount
of secale would be present during the subsequent dissolution of irradiated
U metal and during the product extraction and decontamination steps. "Hth
the excepiion of the second run in which about 40% of the Pu was lost in
the waste solution of the extraction step, the aversge waste loss in the
other four runs through the extraction and one decontamination cycle was
7.5%. The overall decontaminetion factors averaged 1700 for the beta ac-
tivity and 220 for gamma activity. The total Pu losses throughout the ex-
traction step and one decontamination cycle in two additionsl control runs
without scale averaged 2.875. The average oversll decontamination factors
in these control runs were 1400 for the beta activity and 240 for gemma ac-
tivity.{C-1584). These tests indicate that the presence of scale causes
a slight increasse in Pu losses but no clkange in decontamination.

Jacket removel at Hanford will be performed in the same tank that
is used for dissolving the U. This metsl dissolver is steam-jacketed, has
a water-cooling coil inside at the bottom, end has a packed tower on top
;ith a water-cooling c¢oil above it which acts as & veflux condenser. In a
tentative jacket-removal procedure given in the Hanford flowsheet dated
Harch 2¢, 1944 and subject to further investigation, three slug charges
{2200 1lbs. U esch) arve loaded into the dissolver and then 20% B0, 4 Hg(NC;)
ars added. The taomperature is raised to 100 C. by steanm and heldsthere 2
gbout cne-raif hour until the Al is dissolved. This solution which conteins
about 2% Hil0z is jetted %0 was%e disposal. Next any remaining scale is dis-
solved by edding 10% NeOH and boiling for 3 to 4 hours. About 360 cu. f%.
of Hy, are evolved. This solution is jetted to waste disposal. Then a final
water wash is addsd and is also jebted to waste disposal.

Feotol Solutiocn

The CGissgolution of the U in the dissolver is ¢arried out by adding
80% ENO,., hea%ing %0 100-115°C., holding above 105°C. until the specifie
gravity of the soluticn reaches 1.75. Then the solution is diluted with
wabter %o 40% UM to prevent freezing. In the dissolution of U consideratls
£as iz avolved. The Hanford flowshees (March 29, 1944) shows 5300 cu. £%.
of WO, 3070 ¢u. £35. EDZ and 320 cu. £t. of HyO per 220 lbs. of active U. In
addition, a very sall amount of radiosetive gmses, ¥e and I,, are releasead.
All of these off-gases pass throush a packed column and a water-cooled con-
denser on top of he digsolver and zre vented €0 a main stack, where they
gre diluted with alr 40 prevent a heslth hezard to people in the vicinity.

Other sclution methods for the U metal have been tried in the
lsboratory. A higher concentration of HI,{69%) cazuses a faster solution
rate but 2lsc fu3ber liberation of the off<gases apd reaction heat.
Iydsochlowvin aeid will dissolve the U faster than HO, but causes

equipzment. The U is essentially insgluble in E2304
3

greater coryosion oF ik
eould urobably be increased by addiang oxldizing

2
put the diszolution vate

agenic 23 50-, 0z or Ky0r,0.. Uraniun does not dissolve appreciably in
ho3 807 IaCk.

i
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PRECIPITATION PROCESSES

The precipitation processes for the separation of Pu consist
of a succession of precipitations in which Pu and fission products are
co-precipitated with inactive compounds, such as BiPQ and LaFE, which
act as "carriers". This technique is employed becausé the Pu and fis-
sion products are not usually present in sufficient concentrations %o be
precipitated directly. These carriers are selected so that Pu is co-
precipitated or "earried” in only one of its oxidation states. The pre-
cipitation conditions are regulated so that a minimum quantity of fission
products is carried sirmlteneously with Pu and a substantisl fraction is
carried when Pu is not co-precipitated. Sometimes "scavengers" and *"hoid-
back"” agents are employed to improve decontamination. Scavengers are in-
active compounds added during by-product (fission product) precipitation
steps that co-precipitate with the carrier to inerease the removal of fis-
sion products. Hold~back agents are inactive compounds added during the
product precipitation steps to decrease the amount of fission products
carried with the Pu. '

A typical precipitation process consists of extraction, decon-
temination, concentration and isolation steps. In the extraction step Pu
is separated from the U solution. A pre-reduction step is required before
the extraction {f this precipitation must be made from a reduced solution.
The decontamination step consists of a series of precipitations to reduce
the gamma activity by a factor of 109-105, The concentration eycle not
only concentrates the Pu solution but also gives an additional decgnbami-
nation of about 10®. A %otal gamma decontamination of at least 10’ before
the lsolation step is required. In the isclation step the Pu solution is
concentrated furtiaer and purified. :

The various precipitation processes are discussed below. Complete
processes have not been developed for many of the carriers, but they have
been included here to provide a complete record of precipitation process de-
velopment work. Since an endless pumber of couplings is possible, only the
principal ores have been mentioned. The most important process, of course,
is the present one for Hanford, and it$ is described first,

Bismuth Phosphate - Lanthanum Fluoride

The BiFO, - LaFz process is based on the fact that a precipitsie
of BiPO, carries Pu in ¢he reduced state and not in the oxidized state. The
concentration of 4 and the presence or absence of Fe(III) are the princi-
pal variables influencing the percent of fission products carried by BiF0,.
Since Cb and Zr are complexed by E$P04, high concentrations of this acid are
used in product precipitation %o mininize the co-precipitation of these ele-
nents and low concentrations of this acid are used in by-product precipitation
to facilitate theilr co-precipitation. Lanthanum, the remaining principal fis-
sion element $o be removed in deconbamination, is not complexed by e The
co-precipitation ¢f la with Pu is minimized by the presence of Fe(III) which
acts as a hold-back agent. The Fe{III) is present from the reducing agent,
Fel(II), added previous to the product precipitations in the decontamination
c¢ycle, Only an insignificont amount of Fe is carried over to the by-product
precipitation to0 interfere with the co-precipitation of La there.
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The BiPO4 - La¥,, process is the main line process operated at
Clinton and to be operated at Eanford. A flowsheet condensed from the one
issued by J. B. Work, March 29, 1944, is attached at the end of this report,
Figure 1. The following discussion of the Henford process ia based on this

Plowshest.

Status: The status of the Hanford process as of Jume 1, 1944 may
be summarized as follows. This process appears to be operable at Hanford
concentrations. Congiderable effort is now being expended to improve yields
. and decontamination. Laboratory work now in progress with scavengers will
probebly show that a two-cycle decontaménation process is feasible and will
give the desired gamma factor of 109-10° before the concemtration cycle.

The isolation step has been developed but not fully proved. :

Pre-reduction: Since the Pu is %0 be co-precipitated with BiP04
in the extracticn step, it is necessary that it be reduced. The Pu which
has been partially axidized by FNO, during the metal dissolving step is re-
duced with FCOOH at 100-105°C. AlYcwing the temperature to fall below 100°C.
causes an nndesirable accumulation of unreacted BCOCH. The HCOOH also neu-
tralizes excess EllUs from the dissolving step. In plent operation, a HINO
analysis is made to determine the amount of HJOOI $o be added; bowever, a
small amount of free HNO, (under 0.5%) usually remains. In laboratory tests
(CN-1700) with tea times Fanford Pu concentrations, rapid oxidagion of Fu(IV)
%o Fu(VI) occurred a% 75°C. in 20% UNH - 0.2 N Mi0z. For this reason it has
bber suggssted that the present HCOOE pre-reduction which requires heating to
about 100°C. be discomtinued im favor of an alternate reduction process such
as NalOo which $akes place at roon jemperature.

Alternate methods of pre-reduction have besn tried in the laboratory.
Replacing FCOCH with 0.0l M uranous ion resulted in high waste losses in ex-
traction. The addition of 0.1 N NaNG_, %o the extraction solution completely
reduced Pu{VIl to Fu{IV) iz 5 minutes®at room temperature in further laboratory
$osts with ton times Fenfcrd concenbration of Pu, FHydrozylemine slso rapidly
reduced Pu{VI) but produced ccnsiderable Pu{IlI) wkich 1s not carried as well
by BiP04 as is Pu{If}. Sseveral hours at 7590, were required for complete re-
duetion of Pu{VI} by FLOCH and H,Co0,{ln catalyss).

Alghough complete redueiion of the Pu isg essential for good vields
in extraction, it appareatly is not always necessary that this be eutirely
gccomplished in the pre-reduction step. Innumergble cases in which the Pu

was incompletely meduced by a FCOOH, U{IVi, or Efai\lo% pre-reduction treatment
his is accounted for by

gave negligible losses in subsequent extractioms.
2 shift in the 7ul{IV)/Pu{Ill) potential cu addition of E,P0, or E;S0, {after
pre-reduction and prior o extraction) and the presence bl %esiduﬁl redueing
matter. Thus if all the Fu{VI) is not reduced by ECOOH, the remsinder may

85111 be reduced curing the BiFO 4 precipitation snd digestion snd the exirac-

$ion yield way be high.
Betrociion: The purpcse of the extraction step is to separate the

redride &8 o Loior &8
Tu from U and a&s nuch Fission activity ss possible. A gomma decontemination
factor Of sboud 12 iz obtained. In this step the solution is first diluted
2%
St‘i

%0 20% UNE concentratica ond then made 1 II ia H,80,, The latter prevents U

fvem precipitating with the BiPO_ by forming a Complex uranium sulfats that




cannot be converted to the insoluble phosphate., Ths solution is_heated to
75°C. and a direct strike made by adding first BiONOz (2.6 g. Bi‘a/l.) and
T then.HBPORto a concentration of 0.75 M. This forus a BiPQ, precipitate
‘ which Garries the Pu, After digesting for 2 hours at 75 C., the solution
1s cooled to 35°C. and centrifuged. The caske 13 washed three times with
H0 and the washings together with filtrute contuining U and fission acti-
= vity are jetted to waste dlsposal. The plutonium-cortaining czke is dis-
solved by adding 48% HNO. .

One criticul point in this extraction step is the degree and type
of agitution, Laborutory tesis have shown that the loss of Pu in the waste
solutions decreuses with increased power input, but a ssund basis for come
paring laboratory and plant results has not been established. In the Clinton
plant, power inputs of l.l HP per 1000 gullons slurry gave waste losses of
about 1%0 '

In laboratory tests (CN-1429 ) the temperature of strike and diges= .
tion during extraction haa little effect on yield between 55 and 90°C,, but
below 55°C., the waste losses increused appreciably, With l-hr, digestion
times the Pu waste losses were 5.0, 5.0, 5.3 and 12,1% at 90, 75, 55 and 35°C.
respectively, With a 2-hr, digestion time the Pu weste losses were 4.5, 3.8
and 9.1% at 75; 55 and 35°C. respectively.

The amount of Bi and Pu achering to the walls of the stainless steel
laborutory extrecticn precipitetor wss founa to be decreased with decreased
strike and digestion temperatures. The percentages of totul Pu adhering were
27.55 25¢3 and 17.3% a2t 90, 75 and 55%C. respectively. The percentuges of

- total Bi adhering were 28,6 » 19.4 and 18.0% at the same respective temperc-
tures. Since thess percentagss of Pu and 5i are roughly equivalent; this ine-
dicates that the BiPFQ, precipitate carrying Pu is retzined on the walls of the

B precipitator rather tdan Pu being sbsorbed cn the walls, Ancdizing the sur-
face of the stainless steel beaker used for precipitations reduced the holdeup
of Bi and Pu from 15=30% to 5=15%, The pressnce of Fs from corrosicn in emounts
over 0.02 § decresses the carrying power of BiPQy in the presence of U,

foncentration variablss in the extraction step were also studied in
the lavoratory, Nitric acid concentration up to 5% had little effect on Pu
waste leosses with the ususl 2-hr. digesticn time, With a 1l<hr, digestion time,
the waste losses incressed slightly with increused HHQ4 concentration, The
amount of Pu in the westes with l-hr, digesiion times “was 5.1s 7.l4s 6,8 and
T.1% at "HNO. concentrations &f l.5; 2.5 3.0 and 5.0% respectively. Concentra-
tions of‘ﬁﬂg'belcw 20% result in only a minor dacrease in wasie loss. Concene
trations sbove Z5% resull in larger wasie losses, WHith s l-hr, digestion time
the percentsge of Fu in the waste was .25 5.0 7.15; 16.0 at UNH concentrations
of 10, 20, 25 zna 30% respactively, Ths waste lqﬁses decreased with incressing
amounts of Ei thrcugh the rarge of 1.25-3.0 g. Bi j/la With Bi concentrations
of 1o25s 2.0» 2.5, and 3.0 g..0i’/1. the Pu losses in the wustes were 14.6,
.05 3.1 and 1.9% for le-hr. digestion times and 9.8, U.1l, 2.8 and 1.4% for 2-hr.
digestion itimese

Other concentration variables investigatsed in the laboratory wers
. these for PG, and HaSO,. The Pu waste losses observed when using H4PQycone-
N - Py 5 A ¢ P - . P
sentrations of Cols 0,05 0.3; 1.0 and 1.2 w were 5.1y 4.0; 5.05 Yol ahd 3.7%
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with 1-hr. digestion and 3.9, 5.2, 4.6, 3.8 and 2.5% with 2-hr. digestion
respectively. The Pu waste losses decereased as the rate of addition of
EnPOg was decreased, keeping the totsl strike and digestion time constant
gt three hours. In these tests with strike times of 15, 30, 60 and 120 min.
the amount of Fu remeining in solution was 3.0, 2.7, 1.8 and 1.2%. Concen-
trations of 172804 between 0.6 N and 1.5 Y had nc appreciable effect on the
Pu waste losses.

Decorntamingtion: The object of the decontamination eycles is to
reduce the fission activity until an overall gamma decontamination factor of
10°-108 is obtained. Until this gemma decontamination is reached at Hanford
it will be necessary to process the Fu solutions by remote conirol. After
that less shielding will be required on the equipment and there will be
greater latitude for operation and maintenance.

One decontamination cycle in the Hanford process consists of a by-
product precipitation with Pu in the oxidized state followed by a .product
precipitation with Pu in the reduced state. The Pu solution from the extrac-
tion step is diluted with Béo to 27% HNO,, and oxidation is accomplished by
adding NaBiOz and agltating for 1 hour st 50°C. 4 small amount of NasCr,0,
is next added as a holding oxidant. The first by-product precipitation §s
earried out by diluting to 6.1% HNOs, heating to 75°C., adding H,PO, and di-
gesting for one hour et 75°C. The Precipitate is washed twice with H,0 and
dissolved with 437 HNO, for waste dispogal. The filtrate is reduced with
FeSO, ° (MHy)SC, « 6 H,0, heated to 75°C., and digested for 1 hour. Then
the product precipitats is formed by adding BiONO, =solution, digesting 30
mimtes at 75-C,, then adding HsPO , and digesting 2 hrs. at 76"C. The pre-
eipitate is washed three tines wit O and then dicsolved in 48%»BN05. The
Piltrate is sent o waste disposal. czuse UNH is not present in the decon-
samination cycles, the sgitation and other coniitions for the precipitation
of BiP0O, are not as eritical as in the exbraction step. This decontapination
oycle is then pepested. A minimum gemma decomntaminatiocn factor of 10% should
be reached hefors the concentration shep.

Recsnt tests indicate that the use of scevengers in the by-product
recipitatiors 15 necessery in order € obbain sufficient gamma decontamina-
$ion. In the przsence of Hanford concentrations of inactive fission elements
the Hanford procgss without scavengers will anobt give the reguired gamma decon-
taminatien of 10° through extraction and two gecontamination cycles. Values
of 10% were cbbtained in the laboratory snd 107 in the semi-works. The presente
of Eanford concentrations of Zu 4id not result in higher gamma deconbamination

values.

Ceriumn ‘IY) end Zr{IV) in combination are very effective as scaven-
gers. Zircouivm phosphate alome is difficult o centrifuge, whersas Ceﬁ(PO )
is not orly easily centrifugsd but also aids the separation of Zr. The con-
pined precipitate of BiP0,, Zrz{P0,), and Ccas{l’%){L is not readily dissolved
by H0g alene, but the addition of 2245 B,.0_"eliminates this difficulty. The
1,0, reduces Ce(IV) to Ce{III) forming CeFO] which is soluble. Zirconlum phos-

paate is not sclubilized ard renains as a f%nely divided suspension. These

seavengers ars ncst cdvanbagscusly izntroduced $0 the diluted oxidized soluticn

from which all but traces of H.FO, kave been removed by excess Di. Alternate
szeord decontamination eyele $hat appesr promising are Tioz,
30,~LaF:. 48 yet zo suitaeble substitute for LaF, has been
sphnte sopre carth by-produet preeipitation methol «
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The use of scerengers in both decontamination cycles issideal,
providing Fu losses are not excessive. First ecycle factors of 10° or beg-
ter have been secured with Cel{IV) and Zr(IV) scavengers in the laboratory
{200 mg./. of each), and an overall value of 10 results from the use of
this combination in two successive cycles. In some tests, however, the
use of scavengers has resulted in 1l-3% less yisld per by-product precipi-
tation a3 compared to that obtained in sn unmodified by-product preciplta-
tion. Semi-works tests indicate that these scavengers are opersble chemi-
cally, but that the same large advantages achieved in the laboratory eamnot
be secured without elimination of the small percentage of "fines". Higher
centrifugation speeds, recentrifugation, or the use of flocculating agents
may offer some improvement.

Improved decontaminatior also appesrs to be possible through the
use of hold-back agents. Of several elements tested ts hold-back agents in
the extraction step, AL(NOz). was the most effective. This indicates that
hold-back agents do not need to be i active compounds of active fission sle
ments 2s previcusly believed. :

: Concentration: The purpose of the concentration cycle is to re-
duce the volume of Pu solution to about 8 gallons and secure an additional
gemma decontamination factor of szbout 10%. The concentration cycle consists
0L two by-product precipitations, one product precipitation, and finally a
metetnesis.

Bismuth phosphate is used for the first by-product precipitaticn.
The Pu solution from the decontamination cycles is diluted with water and
then oxidized by adding NaBiO, and sgitating one hour at 50°C. A small
zmount of Ka Créo is then adged as a holding oxident. The oxidized solu-
tion is diluZedowith H,0 to 6.1% HY,_, heated o 75°C., and a BiFO, by~
product precipitate formed by adding Oé and digesting 1 hour at 75°C.
The precipitate is washed twice with H,0, dissolved in 48% HNOS, and Jetted
o waste disposal,

The next by-product precipitation is made with LaF,.. In the latest
tentative procedure a La solution recycled from a subsequent isolation step
ia added to the oxidized filtrate. Thgs mixture is oxidized further by ad-
ding MaBi0,, and agitated 1 hour at 50 C, After adding s small amount of
HayCroOy, The solution is cooled to 25°C. and a LaF, precipitate formed by
adding snhydrous EF and digesting 1 hour at 2£5°C. %he precipitate is centri-
fuged and washed twice with HF--HNO5 solution. The cake is slurried with Eéo

+0 waste.

Lenthanum fluoride is used for the product precipitation, which is
performed in two steps. The oxidized filtrate is adjusted to 35°C., reduceg
by adding Eéc 04 with Mn(NO.), as a catalyst. After digesting 1 hour at 35°C.

the first Laﬁg-prcduct precipitate is formed by adding La{l0x), o 2 NH,NO, - 4 Héo

nd digesting 1-1/2 hours at 35°C. The precipitate is comtrifiized and e se@guﬁ
precipitate meds oy adding the La salt again and digesting 1~1/2 hours at 357°C.

After centrifuging again the cake is washed twice with HF-HNO,. The filtrate is

Seuy o Wwaste disposal end the cake slurried witu H,0 to the Dexd ceil .or
metathesis.,
LaF% precipitates are finely divided and difficult to separate in

the planv centrifuge. TFor satisfesctory Pu recovery, it is necessary to cen-
trifume =5 high speed, precipitating the LaBé in twe portions snd centrifuging

g e



- 1e- —

twice. ILaboratory tests have shown that the centrifuging characteristics
of LaFg may be significantly improved by the addition of floceulating
agents and this cbservation has been confirmed by high spot tests in the
Clinton sami-works and plant.

The purpose of the metathesis step which is performed next in
$he concentration cycle is to convert $he difficultly soluble fluorides to
hydroxides which ¢an be readily dissolved in HNO,.. For metathesis, ECH is
added to the LaFy slurry and then this slurry Clg% KOH) is held at 75°C.
for 1 hour., After cooling to 35°C. the slurry containing La(OH), end Pu(OH) 4
i5 centrifuged and the filtrate sent to waste. The cake is slurfied from
the centrifuge to the tank and KOH is added agein to insure complete metathesis.
After agitating 1 hour st 35°C. the solution is centrifuged again and the fil-
4rate sent to waste. The cake containing Pu 1s dissolved in 25% HNO, and then
divided into 3 portions for isolation. Tank metathesis with 15% KOE concemtra~
$ion has given good results in the Clinton plant and is now standard practice.’
Formerly, metathesis was performed in a centrifuge. Advantages of the tank
procedure are: less exposure of the operator to radiation, less wear and tear
on the centrifuge, and simplified operation.

Various mebathssis procedures have been tested in the laboratory.
A resetion time of one Lour at 75°C. is usually adequate with 15% KOH, but
at lower XOH concenbrations the %#ime mst be correspondingly increased. Ii
hes been shown thet X0H is supericr to NaOH for metathesis. Recent labora-
tory tests bhave indicated that lmprovement in metathesis can be sscursd by
including 10% Z5005 in the 15% KOH solution. Also, the dissolution of ihe
fluoride precipitate in 45% ¥,C0, alone and subsequent precipitation of hy-
droxides by XOH gave good resultS. This last method provided better Fe re-
moval and subsequent lower peroxide solubility in the isolatiocn step, but it
is a more complicated procedure.

An =ldernate ueshod of concentraiion under investigation in the
iaborsbory consists of dissolving tie final product precipitate of the decon~-
samipation eyele in FCl, and making a U{Cs0,]), precipitation. The u(c 04)‘-
-zoduot precipitase iz formed by adding i me.fal. of U(IV) o ths HO1 (5 N
solution containing 30 mg./mi. Bi{ITI} as BiFO,, 0.4 ¥ H,C.0,, 0.1 M KOl and
9.04 mg./l. Pu. Iaboratory yields of 94% and 87% wers obtéined with Fe{III)
present a% 0.05 I and 0.10 ¥ respeclbively. Ths deleterious effset of Fo was
nore marked at higher Bi{.?.ff} concentrations., Vhen pobassium was absent,
the carrying of tracer Pu by U(0,0,); was less than 40%, and tims braces of
yotassium are appsrently necessaiv £or good yields. In a subsequent test a
$5% yield was ovbained with a sample from & semi-works solution containing
120 mg./mi. Bi{TII) as BiF0,, 5 N EOL, 0.00 H Fe(IIl), 0.4 3{1_32020?, Jd

m]-B

KC1, 0.007 me./i. Pu. The O(IV) wes added im two shots of 0.5 ma. each,

" and it wass 20% nscessary o remove the Tirst precipitate before bringing down

the second,

The U{C50,)s product precipliate in thls sliernate conceuntration
nmethod eon be disdnived in ‘Eﬁ?ﬁr,éiaf}rg,ﬁ. 07 Ko00,-0,0 aolubions. The U(IV)
15 oxidized to U(VI) as UC,{IIT7 vy a‘c’iﬁzng 48 o¥idizing agents, whose Sxcess
st ba destroved So npevent cubsequent oxidation of the U({IV) added for the
second U{C,0, 1o prseipitation. Any fu which bes peen oxldized in these steps

4
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mst be reduced. - After dissolving the first U(0204) precipitate and di=
luting to ebout 10% UNH, there is a strong tendency for 10,C_0, to precip-
itate, even in the presence of 4 N HN0;. The addition of 3 § AC1 prevented
this Uozc 04 precipitation. The solution for the second precipitation can
contain about 107 UNEH and 6 N HNO,. The yields in this second U(C,0,)
precipitation have been low, usuaily 80% or leas. U(C 04) is gem%rﬁiy
unfilterable and does no% setile repidly. A centrimg%, sistant to IX1,
would be required. The principal disadvantages of the U(czo 4)2 concentre-
tion method are (1) ¢he use of HGl, which is very corrosive, and (2) poor
yields in the second precipitation. These dlsadvantages seem t0 ocutweigh
the advantage of large volume reductions (80-12,000)..

» Another concentration schems involves precipitating IsF, from the
Bi¥0 -HC1 solution after the deconbamination cycle. With this me¥hod a 95%
yiel& has been obtained.

Preliminary laboratory studies have been made on a Cbgo -1a¥, con-
centration methed. Two LaF, precipitations and one intervening ngo %re-
cipltation gave an overall yield of 81% for tracer amounts of Pu. Agout one-
half of the losz occurred in washing the Cb,_ 0. precipitate and most of this
might be eliminsted by suitable modificatiofis of technique.

: In an alternste Bi{CH), concentration method, the BiPO ~INO_ soluw~
%ion from the decomtamination cy®le is diluted from 10 N to 3.4 f ENOS and
readered alksline by %the addition of solid XOE. This bulky white precipitate
was digested for 1 hour at room temperature and washed twice with 0.01 N XOH.
The precipitate was dissolved in 16 N HNO,, and the solution diluted, heated
to 5590, apd treated with 10% excess Ho0,$ ard the resulting Pu0, digested for
% hours st 55 C. This last step is realfy a part of the isolatifn procedure.
Although this is a promising method, laboratory results so far have given low

yields.

Tuamercus other concentration methods have been considered, but the
work on them has been largely of an exploratory rature. Some of these methods
are deseribed later in $this report under their respective carriers.

Isolation: The purpose of the isclation step is to produce a Fu
compound with satisfaotory purity and in @ concentrated solution. This step
consiste of $wo Puly precipitations. This isolation method should bs con~
gidered tantative only and has not been proved. Both Fe and Zr are knowm to
jpterfere. I the peroxide cannot be formed so as to be consistently filtered
or settled i4 will be necesscary either to provide cenitrifuges or develop an-
other isoletion compound that can be Liltered or settled. Uork is in progress
o improvs the filtratica properties of peroxide and also to study other

compounds.

Tn the Isolation step 30% T,0, is edded to the 2-2/3 gallons of so-
lution Prom the concengration step in £&ur equal portdions at 15 min. intervals
with vigorous agitation. APber sdditioral sgitating for one hour, the slurry
i3 Piltered on si.tered glaess, ond the Pul, is washed twice with = HNOB-HZQ
soiukicn., The filtrete plus washings ars returned to the concentration eycle.
The Pul, is dissolved iu TOU I, at 75%C. and after 1/2 hour washed through
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the filter with cold water. A second Ful, precipitation is then made in
the same msnner. This precipitate is disgolved in EI‘IOS as before, and the
final solution is put into a container for shipment to the purificstion
laboratory. This final solution (2.8 liters) contains about 80

grams of Pu as Pu(I\TO3)4. _

Iron end Zr are the principel interferent impurities in the direct
paroxide precipitation of Pu from LaF, mebathesized solutions in the isola-
tion step. Pul,  is decomposed by Fe(ﬁos)s solution, but its interference
with preaipitat'é’d peroxide is not serious™if the concentration of Fe(IIl) is
less then 0,05 M and the time of contact does not exceed 3 hours. However,
Zr is a sexrious problem, particulaerly if present in combination with Fe.
Precipitation of the peroxide is inhibited campletely by the presence of 10
ng./ml. of Zx(IV), and satisfactory product ylelds were not obtained when the
Zr{IV) concentration exceeded 0.1 mg./mi. Zirconyl nitrate has been used at
Clinton $o0 ccmplex any unmetathesized I..aB'3 that is present. 1t may be nec-
essary to use this at Fenford. In such z"case the concentration of Zr(IV)
should not excead 0.1 mgz./ml. of prcduct solution sent $o the isolation cycle.

In recent laboratory tests on the isclation gtep the presence of
0.2 N HyS0, has been shown to aid in precipitation. The conditions of pre-
cipitation which appear %0 result in readily filterable FPuO are 0.2 I 52504,
80°C., 10% excess H203 addad over z period of 1 hour, 2 hours digestion 8%
60°C, In this case the upper tolarable limit of Fe(III) concentration is
0.002 1. BEoth the first and second FuC, precipitates have bsen filtered sat-
isfactorily., Some difficuldy has been €ncountered in dissolving the precipi-
tates apd Purdher work on this is in progress. The presence of In(II) im-
purity in concentrations up t0 70 mg./mi. seems to have no effect on Pu yield.
The presence of Cr(III) impurity in concenirations of 40 mg./ml. and higher
decrecses the yield.

Redueing Acents: A number of reducing agents have been used for
+he various reduction steps in the Fanford process. The use of Fe(II), U(IV),
and H.C,0, as reducing agents in the dscontamination cycle resulted in decon-
teminstion factors in the ratio 20:9:1. The faverable effect of Fe may be
due to its ability %o inhibit fission product carrying by the product pre-
cipitate. Toor decontamiration with I 0,0, may be due %o precipitation of
some Bio(C 04)5 along witk the BiPO,. ~Oxalic acid with Mn{II) as = catalyst
provides ctmplete reduction in 1 ho&r at 35°C. in the concentration cyele,
This low temperature is desirable ©o minimize corrosion by HF. Formerly the
soduction at this poind was made with Hzﬁg. Reducing agents for the metal s0-~
iution are described under a previous section, "Prs-reduction®.

Oxidizing Asents: OFf the variocus oxidizing agents tried for the

Fonford process NaBil., has been chosen as the standard oxidant. Oxidation is
seeured in 1 hour a3 5%°:. Other cxidants, however, are being investigated

in %he laboratory so that an alterrate will be available if pecessary. Satis-
factory conditions for cxidation with Fb.C, are 1 hour at S0°C. with 0.0 I
Fbsﬁ , end 3 X mzag corcentrations. The Coiipleteness of oxidation is relatively
:nieisitive to chonges in any single varisble. Thoe cost ‘of Pb 0, is about 1/10
shai of %1eBi0,,. It appears that Fbl. might be a satlsfactory g:{?dizin&agent
a% high sempsPaturss {765C.) and ia She presence of Il ; catalyst (10 M),
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Bismth tetra-ocxide appears to oxidize Pu quantitatively at room temperature
and without a catalyst. About 95% oxidetion was obtained with Pb(czﬂégg)

% both 509C. and room tempereture. Tith additional investigation, confiZ
tions for complete oxidation probably could be found. Cerium (IV) oxidized
Pu{IV) to Fu(VI) within 15 minutes at room temperature. Potassium dichromate
at room temperature is a pcor oxidizing agent for producing Pu(vVL), but it
appears 10 be good as a holding oxidant and is used in this way in this
process.

 Yields: Tae yield results obtained from both laboratory and plant
scales of operation at Clinton have shown that the extraction step is capable
of producing sbout a 98-99% yield. The average Pu loss in U waste for 102
Tlinton plent runs is 1.6%. Occasionally unpredictable high losses (4~6%)
nave occurred which could not be correlated with residual v, concentration
or sging time of the UNH. A study of 31?04 precipitation var?ables indicated

that yields decrease with

{1} decreased sgitation

{2) decreased temperaturs {below 55°C. )

{3) decreased Bi concentration (below 2.5 gm./l. Bi)
{4) increased UNH corcentration (above 25%)

{5) increased rate of striking

Jariations in UNH solutions, however, have caused greater differences in
vields vhan chapges in some of the above variables. It may be that these
variations are depsndent upon the effectiveness of the prelinminary HCCOH
tregtment .

Figh yields have been Obbaired for the decontamination and concen-
%ration steps also. Thoe aversge yleldsin the first BiPO, by-product precipi-~
4a5ion based on 73 Clinton plant rums is 98.9%. In the %ast 35 of these runs
{:184-118), en average yield mes 99.4%. The average yield in the last 35
¢linson plant runs (724-1138) in the second BiPO, by-product precipitation was
$9.6%. Lavoratory tests (CN-1643) ot Hanford concentrations of product and
izactive Pission products gave cverage BiF0, bhy-product precipitation ylelds
of about 99.6% and BiPC, product precipitation yields of about 99.4%. The
average laboratory yislds in ths La¥_ byevroduct snd product precipitations
3 the concentratlon cycle were 98,50 and 98.9% respectively.

Isoletion expeviments in the laboratory indicate Shat an overall
vield for this stey of $6% is possible and may resch $8-99% (CN-1700). When
+he peroxide superaatants ave reeycled, however, there is no Fu loss in the
isclation siep.

The following table on yields 1s based on ths above data and in-
sicates a possible overall yield for ¥emford of about O3% when RO SCAvengers
are used.
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Table 111

Batinmated Danford Yislds
No Scavengers Used

Step % Yield
Extraction 98.4
Tecontaminastion

E1P04 By-product 99.4
BiPO, Product 9%.4
BiPO; By-product 99.6
BiPO ) Froduct - 99,4
Concentration
BiP0, By-product 99.6
1aFs By-product 99,5
. aﬁh Froduct 98,9
Betathesis g8.5
Isolation {Peroxide superna- 10

tants recycled)
Overnll Yisld o3

‘TWasto Disposal: The U waste solution from the extraction step
contains neariy 905, of the fission activity. I% is not planned to decon-
4aminate this sclutilon, but equipmen® has been iustalled so that this can
be done to come degree if it is later found necessary. The solubion is
peutralized by adding 305 MNa_ 00, slowly enough o prevent pressure buildup
in the precipitator. <Sincs $he 30% Ma,C0, freezes at 20°C., blasts of stean
are sen} through the pipes before snd &f42r its transfer. Lower concentra~
tions of 20 and 28% Haacog offer no advantags bscause taey Ifreeze respec-

tively as 21°C. and 26°¢, &nd would increase the waste volumes. The Na,CO
forms a solubls complex U salt. Neutralization with a0 would form a fHeal
yellow prsciplbete which might be difficult o rerove. Teusralization nini-
mizes corrosion in the transfer lines and storage tanks. The szolution is
stored in buried concrete tanks. Since the high activity will cause the so-
ution to boil, the anks are Tithted wibth large air-cooled reflux condensers.

The Al jacleet solubion and decontamiration wastes conbtain about 10%
of the original fission aetivity. These are neutralized -with 3a0H and sent 1o
buried concraste storage banks fithed with small air-cooled condensers.

The westes fron the concentration eycle are also neutralized with
NaOH apd then sent throuzh settling tanks to remove any solids. From there
$hay enter large re%ention basins where they are diluted with process Béo.
The liquid overflowing from these basins has essentially no actividsy.

Bismth Fhosphate

~ The BiFO, process is the same as the Eanford process jush deseribed
except that BiPOy fs used instead of Lan in the concentration cycle. The
Hanford process, however, is superior in that it provides greeter concenbra-
tion because a smaller smount of LaF. preeipitate is reqguired to carry Pu, It
has been stated that LaF, also provides increased decontemination by removing
Io end the other rare earths move effectively then BiFO,. o




Lanthanum Fluoride

The La®, procesa is analogous to the BiPO  process. After pre-
reduction with eigher ICOOH or U(IV), la (0.25 gm./f) is added to the 20%
TUNH solution and a LaF3 product precipitate is formed by making the solution
about 1.5 N in HF, maintaining the HNO, concentration at 1 N, This precipi-
tate carries Pu and about 50% of the f%ssion products. The precipitate is
centrifuged and is normally dissolved by treatment with ZrO(NOs) solution.
As an alternate the IaF_can be converted to I.a(OH):5 by metethesis with con-
centrated XKOH, and then®the La(OH), containing Pu can be dissolved in ENO.;.
The resulting soiution after the dgssolving procedure is oxidized by Naacr o
or NaBiO.. After oxidation, a by-product precipitate is made by adding HI% ?
This precipitate removes most of the fission product activity which was car-
ried in the extraction step. The solution is then reduced with Fe(II), H,0p
or HgC,0,. Lanthanum nitrate is added slowly to the reduced solution in
severai portiocas to give a preformed preédipitate of laF, which carries Fu.
Turther decontamination is secured by successive oxidst?on—reduction eycles
as outlined above. The concentration eycle for this laF, process is similar
40 that described for the Hanford process. The LaF, proguct precipitate is
centrifuged, metathesized and dissolved in I~NO5. Tﬁe Hanford isolation step
as previcusly described then follows.

This process has also been tested using an extraction step in which
a La.?s by=-product precipitete is removed in the presence of U and the solution
reduced with arsenite before separating Fu from U. This method is not so
desirable as the one described above, because the reduction step must be made
in the presence of U which makes the choice of reducing agents rather eritiecal
in $hat meny which are satisfactory for Pu reduction also reduce T{VI) to
U{1IV) iom. The U{IV) so formed also precipitates with FF. '

Another variation in this process involves the use of Ce as a can-
plexing agen$ for the LaFs. The initial product precipitate of La¥, from the
20% UNH solution can be complexed with Ce(IV). The Ce(IV) like :&r(?ﬂ will
conmplex La¥x so 1t can be ¢issolved ot room femperature. Simultaneously, the
CeilV) oxidizes Fu. Next Ki305 and IT ars added to make by-product precipitates
of CeF, and CeF,. The oxidized solubion can ther be reduced with Fe(II). The
gbove System, however, has been unsuccessful in that erratic results in oxi-
dation with Ce{IV) have been cbtained in the presence of stainless steel. The
addition of a strong cxidizing agent as I‘%’aBiOs , however, might eliminate this
gifficulty.

Some ¢f $he advanbages of the Lan process as an alternate for the
Tanford proeess are: '

i. It kas beer highly developed in the laboratory end semi-works.
2. Lsnthanunm fluoride carriss Pu at all concentrations from many
solubions.
3, It has been used succsssfully in the concentration step at the
Clinton plant.
I3 can be used in the present Hanford squipment.
Precipitation of La¥F, from solutions of BiPO, and precipitations
© of BiPQy from sclutidas of LaF, has been woried out so that laF,
could be introduced into start; middls or end of BiPO , process.
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A possible limitagion on this process is that the use of EF
requires operatiocn below 45C., in order %0 mininmize corrosion and obtain

satisfactory equipment life.
Scdium Uranyl Acetbate

The NaUC ¢z process differs from the BiPO4 end la¥, rrocesses in
that Pu is carried in the oxidized rather than reducéed state. The Pu oxi-
dized in the dissolving step is firs: reduced with NHZOH. The NaAc is added

to precipitate the bulk of the U presen$, which is centrifuged or filtered

end discarded. The solution is scidified with mMI0, and ozxidized with INa _Cr O
by heating one hour at 75°C. et MaAe and Nell0, &re added to give a 5§ 2 7
Nel®z concentration and a retioc of about 1:1 of HAc to HaAe (about 0.2 to 0.5
N Ae concentration). The U remaining in solution from the first step precipi-
tates as NMalU0,Acz carrying the Fu and leaving most of the fission products in
solution., MuFther decontamination may be obtained, without oxidation-reduction
cycles, by mercly dissolving the product precipitate in 0.5 X IO, and re-
precipitating with NalUO,Ac¢.. Ouccessive oxidation-reduction cyclés cean then
be carried out for addi%iogal decontamination and also concentration.

. This procecs has not been tested in semi-works and has the disadvan-
tage of requiring extremely large amounts of process chemicals. Also, the very
large extraction precipitate in the first step is a handicap. JSeveral possible
improvements in 3his process are bei-g investigoted. Couplings to other car-
riers and also an adsorption process are described loter.

Bismuth irsenate

Bismuth arsenate carriss Fu 40 about the same exbtent as BiPO, at
Banford concentrations and is probably more filserable. It is slig.htl,\% nore
insoluble and requires mors INQ, for dissoclving i%t; consequently, less Bi is
used in preeipitation. It is p?obable that an over-ll process for separating
Pu by BiAsO4 can be developed, bui only the extraction sbep has been studied.

Bismth Arsenate -~ Bigmuth FPhozphate

The BiAsQ, - BiPO, process differs from the BiPO, process in thst
BiAsO, is used for éxtraction vather thanm BiPO,. The reduded 20% UNH solution
is made 1 ¥-in HNOg and about C.1 L in H5A304.‘ The product precipitate is then
formed by adding BI(III) (1.5 mg./ml.) +38 thd not {75°C.) solution and digestin:
1.2 nours. The BiAsO% is centrifuged or filtered. In contrast $o the BiPO
process, noe H280 is needed to complex the U0, icm in ths extraction solution
because (U02)5{A504)2 is more soluble than (U?fg) {P0,), and does not precipi-
tate under the above conditions. The presence of Fe%III) in concentrations of
0.01 I hes no effect on the carrying of Pu, but 0.02 I Fe(III) reduces carrying
of Pu %o 70%, and 0.08 i Te{III) prevents BiAsO, precipitation altogether.
The BiAsO, is dissolved in 10 II IO, end oxidatfon with 1laBi0, is carried Out
in S I HlUz. The process then becomes identical with the Bin4 process.

The use of BiAsO4 may prove to have several advrantages over BiPO for
extraction. Uith the BiP0O, method the INOS concentration of UNH solutions%mst
be maintained at such & low value that the“rate of solution of the U metal is

very low. Iith BiAsO, the INO, concentration of 20% UNH solution may be as high




as 1 N Extracticn steps by this method followed by BiPOA deccutanination
cycles gave higher yields than the regular BiPO4 process, apparently be-
cause Zr and Cb originally present at i concentrations did not precipitets
as arsenates and remain insoluble in the 5 N H0, used in the oxidation
step. The solubilities of Zzz{As0,), and Cb (As% )5 aTe believed to be
higher than those of corresponding pﬁosphatss, mﬁe presance of such in-
soluble precipitates is believed to lesd to Pu lose in tue first by-product

precipitation.

Biamuth Fhosphate ~ Sodiuwm Uranyl Acelate

The BiPOy - NaUOyfc, process consiats of a BiPO, extraetion and
one BiPO, by-product precipitation, followed by NGUD Ac %recipitations for
subsequent decontamination and concentration cycles. Tﬁe uso -of BiPO, for
extraction avolds the very bulky precipitate involved in the first stgp of
the reégular HagggAc process. The oxidized solubion from the by-product pre-
cipitate is fr o% vhosphate by sdding sn aguivelent anmount of Zr ion., The
NeUOpAcs is precipitated to carry oxidized Pu by adding UO {10 ) , Naldc, and
NENOS. Farther decontemination is accomplished according uO *gé regular
NéUOEAcz process. This combisation process has had only preliminary labore-
tory study and the coupling may be critical.

Uranocua Oxalate

Urancus oxzlate earriss Pu in the reduced stats. Apparsently no over-
all separation process for this carrier bas been developed. The U{c (#] }
alternate concentration method for the Banford process has been “revzous§J dz-
gserived. Couplinzs %o adsorption systems will be mentioned 1ater. Fuarther
use of U(c204 5 1s desoribed in the next two processes.

Uranous Gzalats - Scdium;Uranxl Aeohate

The U(c - mano Ac,. process coasists of an extraction step with
u{c 04), Pollowed b% ﬁauo 3 preuipltations for deccontanination and concentra~
+ion. In the extraction s+ep E,0.0, is added t0 a 10% WIH solution after the
metal dissolving step, giving a K€ 0& aoncentration of about 7 mg./ml. Uranous
sulfate is $hen either added slswxy“oﬁ in %wo equal portions without separating
the precipitate between each addition. Urancus cxalate separates at room tem-
verature carrying Pu aﬂd probably a high proporticn of rare earbth fission
products. Yields of 98% at W concentration have besn ob%alned in the laboratory.
The U(C 0 ) product precipitate is erysialline and is separa,ed by filtration
or cen*ri$hga%ion and dissolved in 2 N HN0,-0.2 I HaQCr solution, which
destroys $he oxalate iom aad converts U(IV) o JT?I) auzther sreatment with
gé -er 2 hours at 75°C. ozidizes the Pu, waich is then precipitated with
0. °3 as carrier in subsequent decontamination cycles.

It is likely that U(C,0,), could also be used o carry u from solu-
$ious of allpAcy in IOy after a reduction of Fu iz mede. The U(C,0,), car-
ries the rare earth fission products fairly completely, but probule do%s nct
carry appreciable smounts of Zr and Cb, which have been found to interfere with
decontamination by the XalOpAc, process. Since NéUOzﬁc does not carry any of
the fission products to an apprecisble extent except®whére concentrations of Zr

and Cb are high, or in certain cases where the concentrations of impurities are
large, very good decontamination and, incidentally, high concentrations should
be obtained by a procedure where alternate precipitations of Fu are made with
U(Cz04)5 and Hallpic,.
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Bismuth Phosphate - Ursnous Oxalate - Sodium Uranyl Acetate

The BiPO, -~ U{C 04) - NaUO Ae, process consists of a BiFO

‘extraction and a BiPOy by-product precip?tation, a U(c 0 &z).-e producst

eipitation, and then as many NaUO Ac precipitations as necessary far
subsequent decontamination and coﬁcentration. The solution containing Pu
from the BiFO, by~prcduct precipitation is reduced with 0.4 M 0204 in the
presence of 0.1 M HgPO, and 1.0 N INO, by heating 1 hours at . 75%C% “Then a
product precipitate oféU 1s mafle by adding a solution of U(IV) in
two shots at 1/2-hr. interva%s with l-hr. dlgestion at room temperature.

The presence of 0.03 M Pe(III), however, would cause failure of this method,
becauss the precinitate would redissolve after digestion. The U(C_0 )
preduct precipitate is both dissolved gnd completely oxidized with224NgHND
C2 ¥ a%Crbo by heating 1 hour at 75 c. Subsequent dilution and additioﬁ
of NeAc To Bif¥e a solubion 0.1 M in Or. » 004 N in ENO_, and 0.6 XN in HAc,
followed by an sdditional 2 hours at 7%"3 resultS in cofiplets cxidation of
Pu. Then a NéUozacs prcduct precipitate is made by adding NaNO and NaAc,

Columbie Oxide

Columbic oxide cerries Pu in the reduced state. The carrying of Fu
by CbPO has been tested at Hanford concentrations and eppears $o be sgatisfac-
tory. ﬁluminum ion concentration as high as 0,012 M has no effect on the car-
rying, but Fe{III) conceutration as low as 0.00005 h interferes. Thus the use

of “bzﬁﬁ a3 z carrier appeaers 10 be very limited, unless other than steel equip-
ment is amployed. . However, Gboos seems o be a gcod scavenging agent for both
active Z= and Cb., A Cb?o La¥ co:centration schemo hss been men$ioned under
the Hanford process., A “e8upling to 1a,(CC will e deserided under that
sarrier. Cclumbic oxide is =lso used % % process deseribed next.

golumbic Oxide - Sodium Uranyl Acetate

The Co,0- SLQ,a& nrocess consists of a Gb 0. extraction and by~
product prcip;ﬁa%zon f£ollcHed by Malo Acw ;reclpitations or subsequent decon-
+amination and coamceptrotion. Columsfc Sxide is used %o carry Pu from UIH so-
intions aPter thke mebal dissolving step and reduction, nﬁaviﬁzng Fg does not
interfere as stated shove. The precipitate is dissolved in H C 2, and an oxi-
dizing agent such as X Cx 0, or HNaBil, is added to destroy t18 gxglate ion and
oxidize the Pu. Destriiet¥of of $he ofelate ion causes precipitation of the
55065 shieh can be removed 23 a by-product precipitate carrying Cb and Zr

?ission producss. This precipitate is difficult %o seperate by filtration or
Tentrifugasion. After ssparation of the Ghao , further decontamination can be
secursd vy Ia”me,3 cyeles. This process ks“not been studied on a semi-works
seale, :

Thoriwn Uxalabse

Thoriun oxolate as a carrier could be readlily used in equipment at X
end ¥, It carries Pu ia the reduced state and its behavior iz similar %o
U{Cs0si,. The solubilliy of Uegbnﬁ has boen deternmined, so that its precipi-
totion €aa be avolded. 7The use of %r(Jquﬁ) in an extraction step is described

in the aexi yprosess




Thorium Oxelate - Sodium Uranyl Acetats

The Th({C,0 )2 = NalUO,Ac, process consists of a Th(C QQ) extraction
followed by decontamfhation,an concentration eycles using NaﬁUgAg'. The
conditions for extraction with Th{C,0,), ave 0.25 M UO,(II), 1 ft m?os,

0.015 M Th(IV), 0.05 i E,C50,. A confentration of Fe(.ZLII) as high a8 0.05 Y
does not interfere. This step is coupled with a NaUOzAcs process in any of
the following three ways:

_ The extraction precipitate in the first method is dissolved in ez~
cess (NH,)5Ce{NO.)., which cxidizes Pu when cold., The excess Ce{IV) ion is
then des%royed wftg Cr{IXI}. Sodium uranyl acetate is then precipitated by
adding Uoz(II) s NaN0y, and NaAc. The advantage of this method is thet it csnm
be performed at room temperzture. '

In the second method the ‘rh(czoé) rrecipitate is dissolved in
Haglr,0y or (X, ), Ce(li0z) . plus It 0150, e Pu(VI), Or 07"', and Ce{IV) are
then reduced wi'fh"soa. e acii concenzration 1s raised fo'4 ¥ and HC O
added to precipitate“Th{(C,0,), mgain which carries Pu{IV). This prec?p?t%te
is dissolved with more (XN 7‘26(3(3305) which again oxidizes Pu. The Ce{IV) is
destroyed with Cr{(III). e oxidizeg Pu is tken carried by I‘I:aUOzAt:5 by adding
U0y (II), MaNO,, NaAe. This method gives greater decontamination“thin the first
method because the fission oxalates are more soluble in the higher acid eon-
centprations.

In the third methed the Th{C,0,); is dissolved in (1:114) €50,.
Tkorium cxalate is precipitated again Znd issolved in FENO,,. Oxiga%ion is then
performed with dichromate plus Ce{III) eatalyst o cbtain ﬁz(VI) « Then NaUO.ic
is precipitated, dissolved, and reprecipitsied. Leboratory testg on this me%hog

gave an overall yield of 95% and gomma decontamination of § z 0%,

GCerous Fluorids

Cercus fluoride sesms $6 be identical to Ia¥ with respect to its
physical properties and 1%s abiliidy +o carry Pu ag ¥ cé’ncentrations, but 1% may
have certain advaniages over Ie?.. It arpears 30 dissolve in NaBi0 in S X mo ,
and this procedurs, although bri&fly studied, might make possible a“new coupli
step to the Hanford precess for the Pluoride method if Ce{ITI) is used as carrier.
4 Yurther possivle advantage is that 1t eculd be added as Ce(lV) sals to a
fluoride solution containing Fu without precipiteting and then could be reduced
in soluticn 40 give a co-Tormed precipitate.

Serous fluorids can be used as sn alternate for or coupled with 1a¥,.
In loboratory emtracticn tests it gives the same vields. Cerium(IV}, like Zr%IV} s
will dissolve Pul’y plus Cef, or LaF, s} room temperature. Simultanecusly, the
Col{lV} omidizes Fu. Ixpevifents in stainlese steel equipment, however, have
given erratic results. The addition of a strong oxidizing agent as NaBiO_ might
elirirate this dlfficulty. After oxidation KNO. and IF ave sdded o makeSh
proguch precipitates of CeF. {or 1a¥,} and some"Cef,. A molecular ratio for X
$0 Ce{IV} or at lemst 1:1 aiﬁpears $0 ve naecessary t% proeipitate completely any
vemaining Se{IV). Ceriuvn{IIT) ig cuantitatlvely precipisated by HF even in the
absence of X. The oxidized solubica can then be reduced with 02 M Fe(II) at
rcen Sempsrature ond the cyele repsated For decontamination and concentration,




Lanthanun Oxalate

Plutonium reduced with NH,OH o EC1 is carried by Lag{C,0,),,
yields of over 957 have been obtain®d in tracer experiments. Laﬁt ox-
alate is suitable for Cb 0 coupling because Cob and Zr form stable complexes
with oxalate ions ard shoufé remain in solution when the oxalate preeipitates.
In t= coupling, reduced Tu 13 extracted from UNH solutions by Ch 0 After
washing, the Cb305 precipitate is slurried by adding La(NO Hﬂa
iHn0H » HCl. Then Hy is added and a precipitate of Is é is formed
with La. This p"ecipita%e 18 then washed and dissolved in“1 6231431?0

Thorium lolybdate

Thorium molybdate, in laboratory tests with 0.1 II FNO, and about 0.1
mg./ce. of thorium, carried sbout 99% of tracer Pu. This carrisr is useful in
gseparating element 93 of which only 2 or 3% of tracer amounts was earried in
the same tests. There may be some advantage in using Th(MoO,), for extracting
Pu from UNE solutions, and it might be possible to use it following a different

. eaxrier for extraction such as U(cg )2 or B£P04

Bismmth Fydroxide

Bismutk hydroxide carries reducsd and oxidized Pu equally and has
heen congidered for various alternate conecenbtration schemes for the Hanford
nrocess. The most promising of these yms described previously in the section
on the Hanford process. Anobher concentration method consists of neutralizing
the acid solution froem the BiPO, by-preduct precipitation in the concentratlon
cyele. This neutraiizatioa pr echitaﬂ Pi(OH)Q waich carries Pu. Less E 5
is reguired for ths alssolutlon of Pi{0H), than"of BiPC,. The solution can h
soen be cxidized witn Nalilg, and gnozher BiPO, precipitate and another Bi(OH) =z
precirpitate mads Pfor ‘szger volums reduction. 4 925 lsboratory yield was cb-
tainad sfter two such cenceadration cyveles,

Cther Insoluble flodnl Iyéroxides

The other inscluble metal hidroxides besides Bi thet have been tested
Zor the concentration sisp ;n the Ianford progess are 4l, Cu, Ce, Fel{Ill), La,
i1 and Zr. 3Bscause oxidized Fu is carried by these hydroxides, a.reduction

7 18 unnscessayy. The oxidized zolution from the Bito by-preduct precipi-

sate in the Imnford concentrztion syele is mads alkaline vi*h Ta0ll or X0 to
speeipitate the hrdroxides. Consentration can be schievsd by the exchange of
1w betuwesn smaliler and ;ma‘le“ spotnts of carrier. The hydrorice carriers are
goluble in MNelil end IH, 0H and oxidation~reduction is anecessary. One typical
oroeess 18 10 preciplidis ui*h d“(Cr;,; dissolve in NaOH, precipitate with

dis in

%HKQ“, znd shen Tepeat with less Al.

Lonthenun Fhosphete

[0

fanthentn phosphase carries Fu in the reducsd state, and is another
he Penford eoncenbration process. It can be

carrier that has beer 4sshed Lo bh
ip 3 4 ~FO, IO, soluticas, rrom which BiPO4 or La¥, woulid nor-
C 2dding La{ITi} and neutrali"ing about 98% of the BNOS
> Lreoser tasts, over 98% Pu wes carried. ILeathanum




phosphate is quite soluble in BNDS agcidities of 1 ! or higher. Bismuth
phosphate could be precipiteted to carry the Pu directly from a reduced so-
lution or carriers such as Th(ms) 4 o UP,0, might be applicable. An oxi-
dation step could be carried out in a HNO, solution of LaPO, and further
concentration secured by stapdard fluoride cycles. Also er oxidation,
18P0, might be separated as by-product, FPu reduced, and LaP04 precipitated
again to carry Fu.

Other concentration procedurses with LaPO4 bave been tried in the
laboratory. In cne of these the LaP0, precipitate carrying Pu was dissolved
in 0., cupferron was added, and tlhe was extracted with chloroform, which
was diStilled off ag a concentration step. Some decomposition of cupferron by
HNOg occurred in this laboratory lest. Another system was to dissolve LaP0
carvying Fu in a neubral or alkaline solution using s complexing agent, sucid as
tartarie acid,(CEbﬁnogﬁjg, for La and Pu. This eliminsted decomposition of the
cupferron by ENO; aud also complexed any Po(III) present so that it was not ex-
tracted with cup?erron. Iron{III) could bs present from corrosion or previocus
reduction with Fe(II}.

Only preliminary laboratory tests bave been nade on the ebove concen-
tration methods for using LaPoé, and work has been discontinued in favor of the
reguler Manford process.

Uranoug Iypophosphats

Uranous hypophoschate (UP,0.) has alse been tested in the laboratory
as a carriey oy Izplford ccneentratfog procedures., 1% is not filterable, but
carries Pu at ¥ eccneentrations. The pressznes of Fe interferes to some extent,
yut this may be due %o the oxidation of U{IV). Urea, 0.01 M, has been found
+0 gbabilize the NGy $0 pravent this U{IV) oxidssion. A possible concentra-
tica procedure is 40 dissolve the La(OH) »?u(OH)é after reiathesis in 3 N H©,,
“abe this soluticn 0.0L £ in urea, 0.06 & in P.05=%, and =dd a solution of U(TV)
$0 precivitate U?eﬁss This precipitate can be dissolved in warm INO, plus 3209,
and then lod, profiDitated by edding Ia{III} ard HF. This carrier miy be quite
ugeful for coucenitrabion, because the rare earth elemenis are not precipitated
by bypophosphate at the nommal sciditvies used Tor carrying Fu. The solubility
of plutcniwm hypoghosphate, PuEéO», hns besn found $o0 be extrenmely low even ia
10% UH and 5 H Ie,. Thus hypopiosphate night be a pood veagent for precipl-

X
[ g
[ S -
ishout carrion.

tating the pure fu w
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Thoriun Hyoophoschate

Thoring hypovhosphase {Th?roa} would probably behave similarly to the
UP,0, just deseribed, “

4
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Thoriun Ivdata

Thoriun icdate, Th{ZGB)Aa ecould probably be used similarly to the
UP, 0, as deozcribed above. i

and Thoriun Pyrophesphate

bpier amount of mxperimentel work has been done with
{20 ) and thorigm pyrophosphats (ThPBOV), Both
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compounds are insoluble iu 1 N HNO, and have been found to carry Fu to an
extent whieh has not besn fully determined. One difficulty with ThP_O
might turn out to be that 1t is very difficulily soluble even in str%ng
ENO;. This might not be trus of UP,0,. Some experiments on the latter in-
dicated it might be promising for ord concentration, although it veemed
t0 be greatly affected by the presence of Fe.

Ursnous Iodate

Uranous iodate is a erystalline precipitate which carries Pu from
1 N ENO, or from ECl sclutions of BiPC,. In both cases the presence of any
Fe inhibits precipitation and reduces carrying of Pu, presumably becsuse of
oxidation of U(IV) by Fo{III). It has been found that the presence of urea
(NH,CCWH,) stabilizes the HENO, solutions with respsct to oxidation of U(IV).
Urea concentrations of O.Ol4§?have been sufficient to stabilize the solution
with respect o UPéO precipitation, but the use of urea with UI, has not
been tried. This ea¥rier, if sufficiently stable, would be very gocd for
Hanford conesntration because it wilil dissolve rapidly in 0 and it is pos-
sible that the Ul, could be precipitated sgain from the resul?ing solution.

Urancus FPhosvhate snd Uprgponag Arsenate

4 laboratory investigation of uranous phosphate, US(PO )4, and
aranous ervsenate, U.(4s0,),, showed that neither cerried rediiced sppre-
ciably under the conrditions tested. Thus they might have some use in Hanford
decontaninetion 1T 1% is oot dssired to change the oxidation state of Pu,

Ammoniun Uranyl Puosphats

Ammopivm uranyl phosphate carvies oxidized I'u when precipltated Irom
olutions of sbout 0.5 I I80z. It is rather crystalliize epnd seems 0 be read-
ily soluble in stroager Eﬁcs. Sinee it also partially carries Pu in the re~
uced shtate, 1% probably could not be used in a process similar fo E&UgﬁAc .
‘casver, it may be of somo value for concenb$raticn. For example, it ¢ ldsbe
recipitated fronm oxidized solubicns in connection with the present deconbamins-
icn process and dissolved in ION,. Then the Pu could be veduced snd LeF, or
ome other carrisy 20uld be preciBitated to carry Pu from the solution.
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Diswuth Ansiccnado and BRlemith Dyrozpiimonate

Sinee BiPQ, and BiAsQ, both appear o carry Pu to a very high degree,
hismuth antimonate snd hismuth pyvoensirmoaate pay have definite possibilitiss
Por this purposs. Thelr use, however, kas nob yet been lnvestigated.

Bismuth Cxalate

xtent of 90-95% in laboratory bests

Biemuth oxalats carried Pu o tha
waen preeipitated ian lavgs smowats from 1 N ENO, solutions. However, since Ghis
corrier is exbremsly inzoluble, it 40es not appesr $0 heve any practical usags.

Zirconivm phosphate carriced sbout 859 of vhe Pu from a 1 N HNO, so-
concentration mighd de vrecipltating Zr(P04)4
iggolving in P, and then precipitating LaEé. '

Y
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SOLVENT EXTRACTION PROCESSES

In the solvent extraction processes the Fu and 2z small percentage
of fission products are extracted from the U solution by an immiseidle
soilvent and then the Pu ig extracted from the solvent by a small volume of
aqueous U sclution. This eycle can be repeated for additional decontamina-
tion, concentration, and purification.

This ssction of this report desceribes an extragtion proecess in which
diethyl ether (CoHz00.Hz) is used as solvent. Three couplings of this process
to precipitation processes are also ineluded. The use of chloroform (CECl.)
extraction coupled t¢ an adsorption process is described in the next section
of this repord, “adsorption Processes™. No doubt other solvents satisfactory
for soivent extraciion of Pu will be found. A complste separation process em-
ploying solvent for sxtraction, deconbamination, concentration and isolstion
of Pu has pot tesn devaloped.

Tther Ixtragtion

The ether sxbtraction process is based on fwo experimentally proved
facts. The fipst of thoza is that equilibrium distribution of Fu in the oxi-
dized stabs batueen ethor and water solubicns of UM iz suck that quantitative
Tecovery can be effected by coumbercurrent extraction provided the UN concen-
$pation in the soueous phese is grester than 35%. Ten e fifty-fold decontami-
nation will be erfected simultanecusly. The second fact is thet Iu ia the ze-
duced shate is exirseted guantitatively from other-Ull seclutions by a eompara-~
tively smell volure of agusous-UN golution. The trensfer of by-product inbo the
water uﬂdew t 230 contitions is B50=100% of that in the ether phese. The ebher
extraction process os visualized al present, based vn completed laboratory and
semi~woris i nrestigations on ftracer scsles, is described below. A flowsheed

Fipure 2) is attachsd.

|~n
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jfw&igy The stutus of the sther extraction process ss of Jume I, 1944
fHeen runs in vhe unicagc semi-works indicate that the ether
is mecharically copersble, EFowever, insufficient data at
sions have boan chisined o perniﬂ any definite copnelusicns 4o
ne chemicol aspects sueh as yilelds and decontamination., The
with abous 2/5 to 1/10 of Slintom levels of Fu emd by-
rroduct coneentrs T process has vet 0 be evaluated at Clinbon and
Eanford levels, apnd seversl addiiional gxt:rzﬁynt will be recessary before a
nlant desigm eoul@ b2 mads.
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Hetel Soluticn: The solution of $he U for this process is sceomplished
v the methods deseribed in a previocus sectiom of this report, "Metal Solution®
In this cose, nowever, the stlubion *s only dijuted to about 45%'UN and condains
an excess of Iiar {ghout 1 1) whick is necessary %o provent jhe formation of &

B
f Y

7 compound **3013'+"tc in tha yrcseaaeéaﬁ radistion ot ¥ levels. The »olut*on
48 exidized usi ﬁy L1 1 Yﬁqaa~o? ab SBYC. for 2 hours before beiaz jetted ¥

Fa T E4 ~43%
GhG ConLilinous

o

nmetal soludion is extracted continvousiy in
h on ebher soluticn of UY, The concentra-
sonilicriun (487 and 38% for the agueous

shere 13 no U tronsfer. The maximunm omount
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of Fu is extracted from a 45% Ul agueous solution; increased UN percentage
gives no greater yield and with UN below 20-30%, the Pu recovery falls off
appreciably. A volume retic of 3:1 for ether to water Seems o0 be optimm
for the ether extraction column. FPreliminary countercurrent experiments on -
a tracer scale indicate that almost all of the Pu and sbout 1.5-10% of the
by-products are bransferred Ifrom $he aqueous $0 the ether phase. All of the
Ul which was originally contained in the aqueous phase and 90-90% of the by-
products are discharged in the sgucous phase waste.

_ The ather phase from the first column, which contains practically
all of the Pu, is extracted in a second column with s comperatively amall
volume cf aqueous reducing solution containing an equilibrium amount of Ul.
Tracey scale experiments, now confirmed by semi-works runs show that almost
all of the Fu and a large fraction of the fission products contained in the
other phese will transfor completely to the aqueous phase. Hydrezine sulfate,
preseat ia 0.1 } concentration, was the best reducing agent of those tried
for {this step. Preliminary tests indicate that the concentration of Pu in
the squeous solution can be buillt up indefinitely as long as a sufficient ex-
cess of peducing agent iz present. The reducing agent, however, in scme e€ases
is quickly consumed when only O.1 M concentration is used.

Dseontamination: In semi-works tests gamma decontamiration factors
of 12~15 and beta deconbamination of 40-70 have been oObtained in overall cycles
through botk columns. v0 achemes have been proposed for cbiailning the addi-
tional decontamination which is roquired in the U earyon. HNeither of these
proposed msthods has been tes¥ed expsrimsnitally. The first scheme is based on
the posaibility thet the smsll percentage of by-vroduct which transfers with
the product Quring the initial other sxbtraction snd again in the agueous ex-
$rzcbion operation can bhe removed by reducing the aqueous solution from the
netal dissolver and earryirv cut o countercurrent continuous extraction in this
state. There would be 1o Pu trsnsfer in the reduced stats, and the aqueous dis-
zhairge could than bs xid17cd and a regular ether sxtraction cycle carried cut
as proviousiy deosceribed. Thes sceond proposad scheme consists simply of re-
peating the described sycle of ether and agueous extractions until the desired
decontaminstion is obbainsg., It appears that aboub €-7 such cycles would be
nogessary 0 obssin the 107 sprma deconbanlinetion factor which is required ad

Tanford. Based on semi-woriks resulbs to date, however, the overall product
: pumber of cyelas would probadly be excessive.

3 were operated with a 5-fold concen-.
gs agueous solution in the second

agenhration: Dani-works test
3o o
» Yt

"A
tration bub 13 is possibles 40 use much X
golunmn, and concentrasion fachors of 100-fold for each cyels of\ether plus
aquecus cxizachioc Tausibie, IF several such cycles are carried out in
ordseyr %0 vy deecontemination, similar concentrations will be
cbtained ‘

The prooscsed U pecovery step in the sther extrac-
$ion process 1 5y flrat adding a so-c2llzd "sclectivity agent™ to
the aguam she obher sxbrsetion column, which contains all of the
jissolvad A ¢} of the fission produets. This agent is capable of
displaging The equi distribution of LP‘besveen +he water snd ether phase
in faver of ths ebher phase. Tue UN is then extracted by countercurrent cther
sxtrection. The ether iz nurifiecd for recyeling by disbillation or by wabter
sxraction of UM =5 shown in tre abtsched Llowsheet, Figure 8. The extracted UN




is recovered in either case 8s an aqueous soluticn substantially free of
T by-products. It 1s desirable, but not necessary, that the selectivity agent
- be capable of recovery and recycling. It has been shown{A~1022) that sev-
eral salts including NaNO;, KNOz, and Ca{NO » 4 E50 have the desired
effect on the equilivrium distribution of Uﬁ getween phases. It is hoped,
. however, o find a volatile selectivity agent which can be recovered by
digtiliation.

dJaste Digposal: The active aqueous waste solutions ere disposed
of in & zimilar manner to that employed in the present Hanford proeess. The
possibility exists, however, thet the aqueous solution of fission products,
stripped ¢f U, can be concentrated and used for other purposes.

¥islds: ZIrratic yields were obtazined on the 15 semi-works runs
that bave been made. However, yields of 98-99% are indicated for each cycle
of ether plus aqueous extraction when optimum conditions are established.

Explosion Fazsrds: A potentisl bazard exists in the handling of

Qiethyl sther, because of the inflammabllity of ether and because of the pos~
sible formation of explosive ether reroxides. In addition, there is some evi-
dence that UN crystals formed under certain conditions =znd ether solutions of
UN might be explosive. After sn investigation of this subject, ineluding deb-
onaticn tests, it was eoncluded thet explosion and fire hazards ean be minimized
by proper precautions and that the percxide concentration will not build up
sufficiently to be dengsrcus. In cperation of the semi-works equipment, the
~elative hun&ditr of the room is mezintained grecter than 75% so that in the event

. of sther leakage, explosive mixdures will not be formed. As a further precau-
ticr, the solutions and vesiduss are tested periodically for sensitivity to ne-
chanicel shock. Opsration of cther extraction units by the Lallinckrodt Company

- and at% the Chicago semi-uorks for some time without accident show that ether
axtracticn systems can be designeé for safe operation.

Cxidiziage and Redvcing Acentz: The present oxidizing agent for She
wetal solubion For tuis pecesss is 0.1 M Halrn0 s 20d this has been used sue-
sesefully in the semi-works. N

The present reducing agent for the aqueous solutiorn in the seeoqd

column is 0.1 I nydra ine uLifate. Cther reducing agents, 0.05 U U(Soé)
008 3 JFQUV « Ha 04, tricd praviously, pmoved 0 be unsadi sfacgory.

LAdventagzes apd

drvantases: The mechanical advantages for the ether
cxtraction procasc are as -

L. A conidinucus process suek as this crme ls more subjset to repro-
ducible oporaticn and To ramote control than a bateh process,

Z, The egulipmens rsquired iz of smell size and simple design.

S. The volures of waste =ud vrocess solutions are small,

%, 1t iz not necessary Lo handle any active aolids such as pre-
cipitubes.
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The chemical advantages sre as follows:

1., There are no chemical or physical conditions which must be
mainbained within very nerrcw limits, 28 is the case in the precipitation
processes, '

2. The quantity and number of chemicals required are small.

3, Uranium, substantlaliy free of fission producits, can be re-
coverad as an integral part of the process.

4. The possibility zlso =xists that fission product concentrates
can bs recovered if desired.

The mechanical dizadvantages zre:

1. The successful operation of a continuous process depends upon
the simultapecus functioning of all varts of the system.

2. The formabica of emmlsions caused by the presence of oil ox
cther impurities in the system might make continuous countercurrent extrac-
tion difficult.

Toe chemical disadvantages ars:

i iz a notentiel fire end explosion hazard in a process
handling large quantlities of sther znd ether solutions of Ui,

2, Hadiatiocn at ¥ levels might have an undesirable effect on the UN-
ether-~water oysiten which will iimit the zilowable time of phase contact in the
extractior columns apd might, therefore, limit the officiency of the proesss.

Tther Zxtraction - Bismuth Phogshote

coupling of sbuer extracticn t¢ the BiFD, procsss has been testad
in the lsboratory. In this procsss the reduced aguedus product solution from
T extrastion cyele is diluted to 20% UNH and made 1 I in H,S0,. A
regular BiFQ  process then follcows sbarding with a Pu precipitate. Ia & labora-
tory sest e 97.57% yield was ovdoinsd on the first BDiPO precipitate, and the
overail vigid Por this precipiiabs plus oze deeontamin%tion eyele {two preeipi-
tvations) was 91.5%. These figures do not imelude the ethsr extraction cycle
vield. -

o
[4

Ethepr fxtraction - lanthanom Fluorids

1 cf ovhor exiraciion 0 the La¥_ process, the aqueous so-
reduced Pu from the othor extractioneyels is diluted 4o 20%
UNH end made 1 ¥ in HEO,. Loothanom fluoride is then precipitated to carry Pa
: i 3,"ﬁcess iz carried ovb. TVery little work bas been done

Ina
lusion contain
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£
H

o




37

Ether Extraction - Sodium Uranyl Acetate

In a coupling of ether extrzction $o a Nalo, process, the re-
duced Iu solution from the ebher extraetion cycle would ée Giluted to0 about
1-2% UNH, adjustsd to 0.4 N in ENO;, and heated for 1 hour at 75°C. with a
0.1 ¥ Nes0ry0y, concentration to oxidize the Pu., Sodium acetate and NENOS
would then be added to precipitate the Fu with NaUl0,4e¢, a2nd a standard
NeUOs4e,, process follows. There is some experimental evidence that the most
important fission product remairping with Pu in the ether exbtraction process
is Ru. This clement is not carrisd by ﬁaners, and a very good decontaminas~-
tion should be obtalned using this combination“proeess. This coupling has
not been tested in the laboratory.
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ADSORPTION PROCESSES

In the adsorption processes the reduced metal solutioca (40% UNH)
is diluted to 10% UMH end passed throuch a column containing a synthetic
> ion exchange resin which adscrbs all of the Pu and amall anounts of U and
fission products. These elements are then elutristed from the ¢olumn se-
lectively by a gerles of washss. Subsequent adsorption cycles can be per-
formed on the Fu wash for additional decontamipation, concentretion, and
isolation. An alle-adsorption process for preparation of Pu with satisfac-
tory purity bas not yet been perfected. The following review includes
deseripfions of sil-edsorpbtion procssses and also eouplings of sdsorption
extraction tc wet precivitation processes. Most of the data in this review
were taken from reports CN-1431, CN-1442, and CN-1443, whiechghould be con-
sul{ed for further debails. ‘

Adzorption Ixbraction

all of %he adsorption processes are based on a preliminary T ex~
traction step in a column containing Amberlite IR-1, an ion exchange syn-
thetic resin, manufactured by the Resinous Products and Chemical Company.
Considerable laboratcry work has been done in develoning this sdsorption
extraction step and s discussion of the variables involved follows.

Ztabugs The ebatus of development work on the adsorption extrac-
tion step as of June 1, 1844 may be summarized es follows: All of the ad-
. sorption tests $0 date have been performed ouly in the laboratory, but some
ci the rechanical operations have boen checksed in the semi-works. A detailed
sbudy shows that the adsorpbion ertraction step is chemically and mechanically
- feaslbie and should be operable on z plany scale. Adsorption exjraction aquip-
mend for installation in Oell Wo. 2 of the Clinton plant hes been designed but
20 action las been taken Ffor its congbruction and installation (CN-1431).

?

S

ion ezxtraction step is complste engepd that s
ity effects on product adsorpiion, qnd also the
gffects of roje o fiow, solution conceatration, and column geonetyy in the
glutriaticn sterpa showld be carvied cui, Iaborstory tests have shown a de-
viaticn in resulis bebween runs made in stainless steel and glass colwms. AG-
ditional ianvestization o the exact nature of the couse of thig deviation is
nseessary, a3 wall as a abudy of metheds Por 133 elindiration. Tesentially sll
of the edsorpbion studiss have besn carzied oub with tracer concentrations of
n, Altkough bakch bests have shown that zdsorption equilibria remain constaans
up $0 Henford peroiuct concentiations, column expevimsnts should be carried cul
28 300n a8 possivle o 2back cvels overation at thess hisher concentration levels.
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Zginciviar The principle of sdsorpticn exbraction is that ion ex~
chenges S2ke place bebween the uranyl snd o%her netallic icus in the UNH s0-
lusion end the replaceable icns in the Amberlite IR-1 resin. The exchangs ro-
acticns in segeral are reversible crd are visuzlized as follows whenr the s0lu-

cd successively through an /mberiite IR-1 rezin bed,




1. Adsorption: UNH solution
7 ; : . et
2 Ls.R-;UOz‘*?‘__—...'UO RQ&.z Na
0 e 4
’1-232 + Fu PuR + 8 Uoz

e b -+
O’OERZ + M ﬂL..__% ,.%Uoz
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where R s parant body of resin
11 2 any by-product cation
n = valence of adsorbed cation

({11

2. Urapiunm desorption: Hgsoé wash

LA e d
nnzzzz.pzs" sz-mz

5. Froduct and by-product desorption: I\IaBSO s £.C,0 H:s:PO4

5 2°4?

‘h:__
(4 Na 4 NaR)

e nHR } +n
25 Je— it
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The abovre eguations indicase $hed by-product cations ere sdsorbed
and desorbed uog Sher with $he Pu. dowever, as will be discussed later upder
ﬂdscmt*an szbraction nethod Wo. 2, 1% is poseible to elutriate the Pu seleg=
tively so that very little aveproducs is associated with it.

Sxbyaetion Vethods: The adsorpticn extraction mevhcds which have
been vongsidered ey be summarized gs follows:

§

TARLE IV

Surmary of fdsoypbion Extraction Methods

Extrachion Uraaiuan By-preducs Froduct By=-product

Usthod _Fash . Uagh 1 Elutpiank Vash /2
1. 2.5% Hy80, Nens 18% NS0, None
2. 2.5% HpS0, 0.75% EpGn0, = 5% HyCaly 18% NafiS0,
R 2,50 HpS0, 10% HFO, 18% WeXS0, ~ Nome
=R 2,50 B0, 10% H,P0, 55 By0,0, 18% NaHSO,

5. 2,5% HyS0, 0.75% By000, 5P K80, Nene

re
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In extraction method No. 1 (Figure 3) a reduced 10% UNH metal
solution from the dissolver is passed through the Amberlite IR-1 resin bed

.o and esseutially 100% Pu, 14% U, 90.5% beta and 89.1% gemma are adsorbed.
All the U is then elutriated by 2.5% H,S0,, Next, the Pu is desorbed with

an 18% NalS0, solution whick removes 97.7% of the Pu plus 75.7% beta and

51.7% gamma. The column is then backwashed with water which removes an ad-
ditional 2.3% Pu, .4% beta and .8% gamma. The Pu in this waste solution '
might be recoversd by recyeling. There is also a finel water rinse as shown.
It should be noted that this flowsheet leaves about 11.7% beta and 54.1% gamms
activity in the column for cach batch, This activity buildup will be discussed
later under resin waste disposal. This flowsheet gives a 97.7% Pu yisld and
decontamination fectors of 1.5 for beta and 2.2 for gamma.

In extraction method Mo, & {Figure 4) a reduced 10% UNH solution is
passed through the Amberlite IR-1 resin and essentislly 100% Pu, 14% U, 89.9%
beta and $0.9% gamma ere adsorbed. All of the U is elutriated by 2.5% HZSO .
Next, 0.75% HC,0, is passed throush to elutriate 13.2% beta, 42.3% gamma, ‘a‘mi
1.9% Pu. About 95.4% of the Fu is elubristed with 5% H,C.O,. This Pu solution
contains only 1.0 of the beta and 1.5% of the ganma ae igi%y that was in ths
original UNE solution. The second by-product wash removes 68% bteta and 41.1%
gamma plus 2.7% Pu. i3 leaves the column with about 3% beta znd essentially
- no gamma activity. The Pu loss iu the first by-profuct wash appears irreducible
excent by iturthser research in the uss of lower concenbraticns of Co0,. The
- second wash with its Pu loss will probauvly be alimineted if further redsarch
saous that it can be aonc witheout docroasing decontamination factors, because
purpose 18 merely to remcve the sclump by-product aetivily tefween adsorp-
on cyelas, Thals flowsheet gives & 95.4% preduct yield, and decontemination
GeLurs O 100 f0v uslu anG GV 0T gwildi. LU present Duagrord rrecipivation
cess has an extraction step decontamination factor of about 12. Extraction
ethod Wo, 2 scems %o be definitely mors ettragtive then extraction methed Mo, 1
because i% resulis in an additicnzl Z0.7014é gamma decontaminaticn factor.
Ezbraction method No. 2, howsver, hzz not been tested a2s complsiely as extrac-
tion nethod MNo. 1 arnd requires additional reproducibility studies for complets
Terificatioa.
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Extraction method Ko. 3 {Table I¥) has been tested in the leboratory
as & special extraction step coupled 40 g titanium zeolite adsorption dscontanmi-~
ration cycle whieh iz described later. TFreferential desorption of praetically
ail of the =dsorbed Zr snd Cb is obbained with 10% Hsf‘oﬁ_ and +this is of impor-
tanee in %his coupling becauce shese fission elements are not decontaminated
rery well by $iternium zeolite,

Extraction method Yo, 4 {Teble IV) is a hypothetical substitute for
extraction metkhod Mo, 2 for efficiently removing Zr and Co from the column.
However, exiracticn method o.2 resulis in higher La decontaminetion than ex-
traction methed o, 4.

»
4
5]
o
Y
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Extraction meshod Fo. 5 (Table IT) iz a proposed modification of extrac-
h the second by-product is eliminated t0 save cycling

sicn mothred Yo, 3 iu whi

tine, waste digposal volwyne and Tu loss. 4 reproducibility seriss would have

s F- ek action methed Mo. 5 %o certify that no decrease in decontami-~
7 7 stoinzd throuslont cuocessive aysles.
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" Bed Matorigls: Although Amberlite ILR-1l resin has been adopted
o as the most promising resin for the extraction columm and the edsorption
processes have been developed with it, extrzction of Pu by adsorption
methods can be cerried ocut with many types of adsorbent materials. Table V
gives a list of those tried with the corresponding laboratory test results.
Titanium zeolite znd Amberlite IR-4 Lave been considered for a secomd or de-
contamination column and these couplings are described later. It is desir-
able that the resin in the second column for such coupling processes adsorb
the Pu and practically no by-product. It is believed that several new types
of ion exchange resins could be prepared to be more speeific in their edsorp-
tion of the Pu than any types commercially available at present. Offers have
been made by the resin manufacturing companies to cooperate in preparing such
adsorbents to be submitted for testing to the Metallurgical Laboratory, but
pending further decisions, no work is being carried out along these lines.

Column Variables: The deta from laboratory experiments on the ad-
gsorption columns for the extracticn of Pu by Amberlite IR-1 have been corre-
lated using a "storage capacity™, Hs(l.nF), and a "mass transfer rate", K, ob-
tained in a manuer analcgous to the procedure for determining heat transfer
constents in a bed of broken solids developed by T. E, Schumann snd C. C.
Furnas (Cli-1443). These correlations apply to down~flow of UNH solutions in
glass columns (0.8-6.0 cm.dia.). From the data obtained in these exporinments
it was found that the transfer rate

1} Increased with increasing UNWH flow rate
2} Increased with ipereasing mesh size
3} Deeressed with increasing pH.

Alsgo it was found that the storzge capacity

1} Inersazed with incressing mesh size

2) Ipcrsased with inercasing tH

3) Decreased with increasing UNH concentration
4} Decrzased with incressing $emperaturs.

Tme to shrivksge in resin volume on adsorpticn ard to the difference
in adhesgion of resin U0 the stsinless steel snd glass surfaces the performance
in stainiess steel columas on a laboratory scale {up to & in. dia.) does nos
¢chsek cperagion in glass. ”s tas been recommanded that 2 factor of 0.5 be
applied *30 plant stainless @el desipn values based on glass columns., On the
pazis of Shese coryreletions %Le 2¥-6% dia. x 5 high stalnless steel column
usiag ﬂ(}-z') nesh IR-1 resia {(dry anelysis) which has been recommsnded for a
plant process [CE-1431) has a safety factor of 15% based on & frae oross sec-
tionsl aren and cperating af 23°C. and 155 breakthrough of Fu. This safety
foetor, however, will very aearly dicappear if the temperature rises %o 38°C.

The offer *t of ecolumm vaﬂiables can be shown rﬁore directly if the
correlsticon is used to calculate valuss of "extraction capacity”, E, for a
ghosen adsorpblcn ,x,rs*em and then snw how esch variable alfects 3 01-1442)

Q.v
The &Xchanrze caract 'bd, o, can be defined as the munber of micrograms of Fa zd-
sorbed Ter Se. of amheriite IRe1 n & colunn bed up o the point where an in-

-
tion of 3% of the enuer1n> a1 concentraticn
ned ¢s the leakace of Pu through the adsorbent

staatansons breaktiiroush soncenss

i3 obiained. Brsaktbhrougy ig daf
. .bed,

[l P I bl f‘
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Although any seb of column conditions might be chosen as a ref-
erence point, the following system has heen selected for this description
of exchange capacity.

Mesh size {IR-1), 80~100 pH of UNH, 2.4

Bed area, 1 s3. cn. Tamperature, 259,

Bed height, 60 cm. Flow rate, .1 cc./(sg.cm.){sec.)
UMH cone., 10% or 90 gal./(=q.f%.){hr.)
Fu conz., uef&g Jitser {%racer) ~ Exchange

capacity E = 1.084-g Pufec. of bed
' at 5% breakthrough

The exchange capacity for en IR-1 resin adsorption colum

1) Inecreases with incressing mesh size., E g 011 M 5 .20

2) Inereeses with increasing pH. B z .39 pH & .26

3) Incremses with ircreasing product conc. (mg/liter) E « .0022C
4) Deersases with U cornc. (weight 2 E 22,02 - 10470

5} Decreases with inersasing tenperature . B 148 - 017 7

8} Decreases slightly with ineressing fission product conc.

7}  Is uvnaffected by bed height. E = 1.08

2} 1Is unaffected Ly bed diameter. E = 1.08

3} Is unaffected by UNH flow Tate. B = 1.08

Hluvrsiszis: ia %he destyption or elutrliation step of sdsorption
exsyention 1% is (esirmbls ¢ renove each adsorbed ica completely in a highly
ssleetive nanpexr with the snellest possibls volume of elutriant. The variables
iarolved in accompiishing tvhese oblsectives are:

i) ?hs rature ¢ composition of the elutriant.

2} T¥s concemiratiorn.

&) I%s 1low rate.

4} Iis direet:oL of £low.

3} Its ienperature.

53} The col'nﬁ BECHESTY .
Caveral elutrisnds nave bean shudied for use with Amberlite IR-1 and a review
of thoir shabus is showm in Teble VIp however, the fundanmentals of ths elutri-
sting sbeps are uct as well knovm as thoss of the adsorption atep.

Sopmleving Acenis: Toy adsorpbion exbtraction variocus complexing
coenss have been zdded 4o She UNH solution $o decrcase the adsorption of Co
snd Yo for srusver decont ; Tr nie acid (Beﬁp in UNH solution; mave
27%% Fu, 8% gamms and Z0% bete ton on Catex 284 in column tests. The
vz oF tonnic ecid resulied in Teducsd adsorption of Ct and Z>» but was discon-
gimied Jue o the faet that 1% is expensive and also complicstes Pu analysia.
Pamaie seid was not bried with Amberlite IR-1. OCitric seid (2.5%) in UMH) re-
g ( 3508 Z: and slso Bu, bug after 6 batches the Pu ad-

this resson the use of citric acid with Amberlite
srations of citric scid as high as 209 were tried
W ne amount of Pu adsorbed in one cycle was not
Sueces ore not ohudied. Cetex 284, however, was dis-
STELS dscrption on the seccnd cyele withbout citric
3 mors shabls than citrie aeid, it was also triad
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. for complexing the fission producis. Batch tests with 0.5% sodium eitrate
in UM pgave the same gamma decontamination as 2.5% eitric acid. In golumn
$ests it ceaused a low adsorption of prcduct on the first cycle.

Effoct of Impurities: The effect of impurities on adsorption by
IR-1 resin has also besn studied in the laboratory. ZIZxcess formie aeid up
0 1 ¥ concentration gives slightly greater product and by-product adsorp-
fion. Ixrcess END up %0 C.0 § gives greater adgorption capacity and a
areater adsorption rats bub nght decrease the stability of the resin by
nisration. Iron{III) and alsc AL{ITI) in concentrations up to 1070 M have
ro effact on the rabe or capacity of Pu adsorption. The effect of excess
Hg was not checked. Inactive Pission products had little effect on the rate
of Pu adsorpiion.

Temperabure: An increase in temperature gives a rapid decresse in
the Fu adsorption capacity of IR-I regin. For this reason it is desirable o
keep the resin 2t or below 30%. 1If necessary, refrigerated dilution water
could be used %o make the 10% UNH. There is approximately a 1%, .rise in the
ﬁmbe“l;ue Ier during adsorption if there is no fission product buildup, such
as with adsorption extresction method Wo. 2. In any event, the temperature of
the resin must be kept below 86°%c. %o pravent its decomposition.

Yeed Solution: The elarity, ‘oxidation siate, and concentration of

; UNH Peed soluticn influences the smount of Pu adsorbed by IR-1 resin. 7ith
B unfiliered THH the Tu adsorption was less in laboratory tests, but the added ex-
nense and difficulty of filtration are not considered usthied for plant opera-
icn. A greater amcuant of Pu is adsorbed from a feed solu*ion in the reduced
- atate than ocne in the oxidized sitate. The asdsorption extraciion process is de-

szgnrd for use of a 10% UNH feed solution. A comparison of 5, 10 and 207 TMH

feed solutions shows that a 10% UNH concentration is optimum (CNeldd2).

Badiation: To study the effect of radiation on Amberlite IR-1, this
resin was exposed to beba or slectron radiation while in contaet with various
goluticns in ths laboratory. mhese tests show that this resin is unaffscted.
.0, 3 N EL, 0.3 8 Lzse,, 10% UNH, 2 I HNC_ and 2 X NaNO, at asbout 25 times
7 levels of beta radietion.  Because betas and £ammnas act saSentially in the
same way, only bebta radiation was studied, as a matter of convenience. (n the
assumpsion That these results can be extrspolated to W plant conditions of to-
421l radiation of beta and gamma, it appears that any of the sbove solubions
gould be usced without any decampcsition of the IR-l., If the resia column were

3o Tor = sufficisnt pariod tc sllow buildup of asetivity or if a solution con-
taining ¥0.;” ion wers allowed %o remaln stagnaut due %o 1nterrupted Ilow, then
decomposition of the resin might resuit. The flow ratés of MO~ solutions
*"“u?d be greater than 2-3 ce./{sq.om.){min.) or 30-45 gal./(sq.ft.)(hr,) for
safety. The activity buildup in the resin columa can be minimized by selective
elutriation of this aebivity according to methods described previously (adsorp-
sion extrachtion method No.2).

- Vlaste Disposal: It is sxpecked that the vresin will need to be re-
et Loriodically because of aetivity bu;lduy or operating rosulis sueh =
oss of Pu or 1ncreas°d pressure drop. “her replacement of the resin is nec-

o sved Jrom ths column as & resin-waber slurry by mean
- uelzverea t0 a tank where it will be dissolved in 3 I B,aO .
Thig soilution will be subseguenily neutralized and sent to fission product

waste storaze. In using extraction method Yo, 1, spproximately 129 beta and




24% camma zebivity from each batoh ars permamenily retained by the IR-1

resin. “Hith exbracticr methed o, 2, only 3% beta snd cssentially no gamna
are redained. Although 2 series of 21 reproducibility oyeles (extraction
method Io. 1) aas been carried ou} in the laboratory at lew activity levels
without any progressively dsleberious effeets on Amberlite IR-1, it is arbi-
trarily folt that not mors $hen Z0 cycles of plent cperction a$ Clingon isvels
should be defiaitely expected without replacing the resin bed.

Ueste disposal. volumes for the adsorphiion exbtrsetiocn step are conme
pared to the Hsaford process extraciion step M Table VII which is based cn oas
son of netal,

TARLE VIX

Urnreutraiized Adscrption (IR-1) Extraction Vaste Volumes

Type of Tragiuvm By-product Rebention
Extracticn Method Storeze Storagze Topd Total
gal . gal. gal. aal.
Adsorption Extraction 84600 1000 2510 12110

Method Ho. L

Adsorpticon Extraction a8vc0o 5355 5810 17565
Hathod Jo. 2

2280 R —— 2420

L2

Fanford Dxiresciicon E
The large quaniities of U waste in %ho adsorpbticn extraction step resuidy Ifrom
the use of 10% UNE and the nesessity of usiang a 2550, wesh. Consequentliy, it
the adsorption extracition step vere subsiidubed for the Fanford process exirac-
tion s$tep it would be necessary sc provide additlonal weste disposal eapaciis
for U mastie. ITi%tle can be said regavding the fission proluct waste wabil the
coupling ¢nd decontanination cycles ars mors thorsughly developed. Additional
storage ccpacity would be reguired for these slso.

Uranivm Reeovery: Because approzimately the first 3035 of the waste
NI feed solubtion from the edsorption column contains ze gamma ackividy, it is
possible by this procedurs to reeover this portion of the U free of gamms ac-
tivity. The remaining waste foed solution with the gampa activity could prob-
ably be decontsmimated by one or more zdditional resin columns.

Yolume Reduction: The volume reduction sxpectied from adsorpbiin ox-
traction tased on a 10y UWE solufion is 4.2:1. The sclution of ¥u Lfrom one ton
of U will have a volume of 1217 gal. affer amdsorpiion extraction. In the Isaford
precipitation process the volume of Fa solution after the extraction step is
only 300 gal. However, for the Tirst by-product precipitation this latter so-
lution is diluted %o 2690 gal. In a coupling o the Hanford process the sdsorp-
tion sxtreetion Pu solusion would requirs less dilution bub this would be neo
advontage. Couplings to other processes would prebably be similar. This adsorp-
sion extroction volume recuction would be advantagsous, however, either in an
all-adsorrtion process or in o coupling to a solvent extraction process.

Stainless Stecl Columna: With Amberlite IR-1L vesin in steinless steel

columns ar earlier brecktkhrough of bosh U and Pu occurs than in glass columms,
to the extent thet *he breslkthwoush eavacitv of the stainless steel column is
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approximately 40-60% of the glass columm capacity. The cause of this phe-
nonenon has been tentatively attributed to a wall effeet of 2 physical na-
vure. During adsorption the resin contracts and apparently shrinks away
from a metal wall, but not from a glass wall. The annular space produced
between the bed and the column wall permits some of the feed solution to by-
pass the bed., Up-flow passage of the feed corrects this defieciengy but is
not practicel in plant operation. The effect is s$ill present in steinless
steel columns as larpe gs 6 in. in dismeter. Although it is suspected that
this action of the resin bed may not take place in the plant column as large
as 2 £%. in diameter, it has been felt necessary to use ths laboratory stain-
less ztesl column data for design since glass column performance c¢an not be
guaranteed. If this effect can be eliminnted, it will be possible to use a
smaller adsorption bed and smaller smounts of elutriating agents for greater
volume reduction.

Corrosion Resistance: The corrosion resistance of 25-12 stainless
steel equipment to several of the adsorption process solutions has been tested
by the Semi-works Section of the Clinton Separation Develomient Division. These
tests were conductsd by refluxing welded test coupons separately in synthetice
procase solutions for four 48-hour periods each at 40 o. Although these tests
¢id not investigate the sequence of operations in an actual adsorption cycle
with respect t0 activation or passivation, the following data show that these
process solutions do not appreciably corrcde 25-12 stainless steel.

TABLE VIII

Corrosion of 25«12 Stainless Sheel
in Adsorption {IR-1) Process Solutions

Test Solutions prer Linit of Corrosion Rate
in./mo.
1. 2,45% H,50,3 97 .55% H,0 o.ooooa
2. 2.11% B850, 20.0% ’0'02304 s B 320; 0,.00009
77 .,89% H,0
. 0.75% HyCo0,3 99.25% Hy0 0.,00003
7
4, }12(22 43 95.0% Ho0 | 0,000058

Advantages and Disadvantages: The sdvanbages of adsorption extrac-
tion are:

L. Sne sguipmenl L8 oiaple and weadily avaliadle.

2. Nost of the Cb and Zr sve removed. (Exbraction method No. 3).

2. About 30% of the U can be recovered frea of sarma mctivitr.

4., A solution of fission products high in gamma activity can be
isolated.

5. There is high decontamination by adsorption extraction method 1lo.23;
100 for bebta and 67 for gamma compared to 28 and 12 respectivaly
for the Hanford precipitation extraction.




The disadvantages of adsorption extraction are:

1. Radiation on the resin for long ?eriods of time st W levels
may be detrimental. .
2. There are large volumes of waste solutions.

Couplings: The adsorption extraction step, of course, needs %o
be coupled either to wet precipitation processes or to additional adsorption
steps for a complete separation process. Decause coupling to the Hanford
process results in a poor overall decontaminstion, a preliminary survey has
been made of couplings to various other precipitation processes. The wvarious
couplings are deseribed in the next section. It should be emphasized that in
general they are only in initial states of development. A comparison of yield
and decontaminstion data om ths more important couplings is shown in Table X.
A number of couplings to the adsorption extraction method No. 2 appeer prom-
ising but need fuvrther tests for verifieation.

An gli-adsorption process, if it can be perfected, possesses the
following advantages:

1. The nmechanical operations of centrifugation, filtration, pre-
cipitation, agitation, dissolving, kheating and cooling would
be eliminated, making a process which is more easily adapted
tc methods of remote conbtrol. .

2. The chemical operations of oxidation, reduchtion and metathesis
would be eliminsted. ,

3. Decesuse of the volume reduction inherent in adsorption cyele
cperations, smmller siged eguipment and smeller quantities of
chamicals throughout suecsssive eycles would be required.

4, The successive use of verious adsorbents, highly speecific for
different fission elements, might reduce the number of steps
necessary 30 preduce the required decontamination.

Adzorption {IR-1} - Bismuth Fhosphate

The direct substitution of adsorption extraction method Ne. 1 for
she sxtraction stsp of the BiPO4 process is chemically satisfaetory with re-
spect to Fu yield, although the normal H PO, concentration of 0.1 M must be
increased to o% lecst 0.4 I in the by-prbduct precipitatioca coupling step.
The overall gamms decontamination effected by adsorption exbraction method No.l
plus one BiP04 deconteminstion cyele is much lower, however, than that securad
through the first deconbanination cycle of the resular Hanford process, primerily
because of the low decontaminstion in the adsorpbion extraction. For this reason
this ecupling should not be coasidered for nlant operation.

The coupling of adsorption extraction method No., 1 t0 the BiPO  process
as an additiocnal step rather than as a substitution for extraction also %s satis~
Leetory with respect to yield and chemical feasibilivy, and reguires no modifica-
sion of the prssent process procedurs., Although this coupling, adsorption ex-
srection plus one BiPO, precipitation, gives an oversll gamma decontamination
about egual tc the BiP%A process extraction, there seems $o be no advantage in
using it, because of the exira step of adsorpbion. .

A direct coupling of adsorpbion extrasvion method No, 2 $o0 the BirO
a

24"

process involves the uvecessity of desiroying the largs amount of Béc




Tu golution by oxidation with IEn0,. As carried out, the partially cxidized
Pu must a2lso be reduced with I, 0, Pefore the BiPO, product preelpitation. o

w o gonma decontomination factors Zo¥ the overall proCess are available sinee teo
low zn activity level provailed in all laboratory teits to permit measurement.
The beta decontamination factors are in excess of 10°. The chemical and me-

s ehanical problems involved in the destruction of large smounts of iac 0, make
this process unattractive. A mors simple means of separating the %r%m_the
large excess of 520204 is t0 make a U(0204)2 precipitate before coupling %o
the Bi?o4 PrOcoss. h

F¥rom the above discussion it can be seen that direct couplings of
adsorption {IR-1) extraction to the BiPO, process do not eppear promising.

Adsorntion {IB-1) - Sodium Uranyl Acetate

The coupling of adsorption extraction method No. 1 to a modified
NalOgie, cycle (product plus by-product precipitation) is satisfactory for
yield and chemieal feasibility. Considerable laboratory work has been done
on 4his coupling; however, the high decontamination of the first precipitation
ig not repeated with the second. A cross-over to the BiPO4 process as de-
seribed in the next coupling seems more promising.

Adsorption {IR-1) - Sodium Uranyl Acetats - Bismuth Phosphate

The indirect coupling of adsorption extraction method No. I to the
Bi?04 process through a E:?aUO,Acg product precipitation produces an overall de-
contamination in excess of 164 fhrough cne precipitation. In the limited num-
her of runs made, howsver, an unsatisfactory Pu yield has been cbtained upon
throsing dosm the BiPO, product precipitate from the S0, solubion of the

NdU02Ac3 precipitate. Additional work on this crcss—over4is necessary.

Adsorvbion {IR-1) ~ Uranous Ozalghte - Sodium Uranyl Acebate - Bismuth Fhosphate

The indirect coupling of adsorpbtion extraction method Mo, 2 to the
BiP04 DIOCS38 through'U(Cgoa)z anpd HaU0 Acg product precipitations has produced
overall decondaminetion faciors in excess of 10¥ through the NaUOBAc~ step.
Aetivisy levels were too low to carTy the process smy further in the laboratory.

Flagoninz yields in the U{GZQ&}Z precipivation have been exiremely poor (less

than S0%) and have been complicdted by anslybicel difficulties in the laboratory.

Ircroased digestion time Las recently wzesulied in higher Pu yields but addi-
tional irnvestigction is oUill Llu progress. Yhis coupling at present seems $0
bz She mosy pranising of those sried.

Adsorption {IR-1) - Ursncus Oxalate - Bismuth Phosphate

Adsorption extraction method No. 8 can be ccupled to the BiPD, process
through an intermedlate B(cno4) precipitation. This coupling is presumably
subiect 0 the sepe analytical difficuliies encountered in the coupling described

provicusly.

Adsovpbion (IR-1) < Uranous Cxalate -~ Scdium Uranyl Acefate

Adgerpiicn exbracsion method o, 2 ern alsc be coupled through sn inter-
nediate U{C Gg)g precipitation 0 a ﬁaﬂogae% process. Decause of the rapid f3l=-

ling off in“décOnbamination factors with eadh succeeding HaUDQAcS precipitate,
3 : N P
howevars this process is nct atlracitive,




Adsorption (IR-1) - lanthanum Fluoride

A preliminary test of coupling adsorption exbtraction method Ho. 1
0 a modified IsF. cyele with a by-product and product precipitation gave an
crerall yield of 75% and a gamma decontamination factor of 250. This counling
seens 40 be of nipor lmportance.

Acscrption {IR-l) = Lanthapum Fydroxide-Columbic Oxide-Sodium Uranyl Acetate

Adsorption extraction method No. 1 can be coupled to the Nall,Ac
process through intermediate precipitations of La(OH), and Cb 0. Ina difect
coupling to the Nat]t)g@!c‘7 process, the high sulfate ion concen%ration in the
product solution in adsbrption extraction method Mo. 1 precludes the use of
KéCr O7 85 an oxidizing agent in the first NaUORAe cycle and also makes nec-
eSsa¥y a high scetate concendration for complete p%ecipitation of NhDOzAc,.

To overcome the shove difficulties, a la(OH), cross-over can be made to efimi-
nate the sulfate. This La(0H), product prec?pitate can be dissolved in INO.,
and then Cb,0g by-product and NaUOEAcz product precipitations are made {CN;§253).

Adsorpiion {IR-1) - Adsorption (IR-1)

Adsorption (IR-1)} extraction method o, 1 can also be coupled t0 a
second adsorption (IR-1) step. Ia this process the Pu solution from the first
column is neutralized $o pH 2.6 and adjusted to 1.25 } sulfate fon and passed .
shrough a second column of Amberlite IR-1. This two-stage method is of iittle
value beecause the decontaminction in the second column is specific for only a
Pew cations and the overall decontaminsjion is smaell. “hereas a lerge amounb
of hard gemms is retained in the first columm, apparently none is retained in

she zeccnd column.

Adsorobion {IR«1) - Ferron - Adscrption (IR~1)

Another coupling of two Amberlite IR-1 adsorption columns involves
s nhermediate complexing with Pervon (7-icdo-8-hydroxyquinoline-S sulfonic acidje
Tn this coupling the MalSO, product solubion from the IR-1 column, adsorption
exspaction method No, 1, i3 diluted sbous 5-fold, broughtto a pH 53-8, complexed
with fervon, and paased throush the second IR-1 column. This latber column does
ot edoord the complexed Tu but adsorbs the rare eartih Fission products alnost
completely. In lsboratory tesis, 95-98% Pu and only about 1% rare earth and al-
waline esrth fission products vassed through the column. The adsorbed fissicn
sroducts were clutriated completely with 1.25 ¥ WaBS0, . Ixperiments at hizh
jevels need to be performed %o determine the exact deContamination obtainable
in the sscond columm.

Adsorpiion (IR=1) - Adsorption (IR-4)

Ldsorpbion (IR-1) extraction method No. 2 can be coupled to an adsorr-
4ion step usiung fmberlite IR-4 resin. In this coupling the EQG G, preduct so-
iusion from the ecolumn of IR~1 38 passed through ancther column cOntaining IR-4,
and Shon the adsorbed Tu is elubriated with 4 I B,350,. This second adsorpiion
step is promising as a method of removing the fu d%'the E 0204 solution fowx
subsequent coupling to a precipitation process. The decontamination effected
by $hie sbep is lsoss thsn 3, co =dditionzl processing is required. This coupling
would nob meke possible an all-adsorption process becausc of the low decontaminge
sion obbained.




B

AlBeri4tohe (IR-1) - Mtanium Zeolite

Adsorption {IR-1l) extraction method No. 3 can be coupled %o a ti-
tapnium zeolite adsorption step. In cooperation with $he Researeh Products
Corp. a bitanium zeolite adsorbent has been developed by the Metallurgical
Iaboratory. This so~called titsnium zeolite exhibited a highly selective
adsoprpbtion cgpacity for Pu and practically none for betas. It does not de-~
contaminate Co and Zr. Thercfore, they rust be removed by the first column
{Ik-1). Ixtensive investigations have established that the best titanium
zeolite is mzde by brigquetting & 95% Sherwine7illinsms titsnium and 5% Aratone
mice at about 15,000 p.s.i. and esleining at 10009C. for 45 minutes. This
zeolite is physically stable bubt has a low transler rete.

The bitenium zeolite in this coupling is used os the decontamination
egent feollowi g adsorption exitracticn method Ho. 3, in which a high decontaming-
tion of Zr and Cb is obtuined by the use of a I‘E04 by-product wash, The
coupling is carried cub by neutrslizing the N 04 product solution from the
tnberlite IR-1 column $0 a pi of 2.5 and passing the neubtralized solution
through the titonium zeolite bed. Less than 1% of the fission products are ad-
sorbad by the zeolite nnd of these 957 are preferentially desorbed by a 0.05 8
MO, wash. The Pu is then elutriated with a MalS0, solution of the same compo-
sition as the original Amberlite IR-1 elutriant. %his solution can again be
neutrclized to a pH of 3.5 and a second decontamination cycle carried out.
Overall decontaminaticn factors of 5 x 10Y have been obtzined for an extraction
cnd one deccntaminetion cycle. This process, while exbremely promising has not
7ot been advanced t¢ the design stage. In addition, the limited pumber of col-
unn runs mede to date have been complicszted in some cases by low Pu yields as
a result of the precipidation of impurities in the reagents used.

Adsorption (IR-1) - Chloroform Extraction

| Adsorption (IR-1) extraction method No. 2 cen be coupled %0 a 05313
ertracticon process. In this coupling the Hécgo produet solution is adjuste

to nH S by adding IH,CH. Cupferrcn (ammoniumpn%trosophenylhydrcxylamine) is
sher added to complsx the Pu. This solution is passed countercurrsntly through
a eolvmn where the :u is exbracted by GEBLS. The CEHCl, sclution is next passed
througy another column where the Pu is exbtPacted by 0.84 §'320204. In labora-
sory tesis the following results were oblained.

TABLE IX

Laboratory Test Resulss on fdsorption (IR-1) -
- Chloroform xtraction IProcess )

- Overall

Volume Reduction Yield Deeontanination
S%en based cn 105 TiH % Pu ysi bol
. g 2
Column extracticn 4 g6 10 10
with IR-l " 4
TNerdern¥ -y rvd - -
u“ucgw?zng;g;Ony one 3econ- 10 93 210 >10
vl L2 Wil 2z ot .
Datei: exorection; Corrnation 20 s10° 10
e 1 ; cycle
iin 1120304)‘ 5 5
Overall - 800 93 210 >10

This process looks promising from the standpoint of high volume reduction and
decontamination, but needs Iurther verification.

o
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FRACTIONAL VOLATILIZATION PROCESS

The only fractional volatilization process which has been investi-
gated is the dry fluoride process.

Dry Fluoride

In the so-celled dry fluoride process, Fp is passed over the U slugs
and volatile fluorides of U, Pu and a few fission products are formed. Nosh
of the fission products are left as residues. The volatile fluorides are con-
densed and then separated in a distillation column.

Status: The status of the dry fluoride process as of June 1, 1944 is
as follows. This process has not been developed sufficiently for plant desien
and operation. Seml-works fluorination runs have been made successfully, but
an overall process including complete extraction, decontamination and isolation
steps has not been tssted either in the laboratory or the semi-works. Although
4he dry fluoride extraction step probably could be coupled t0 s wet precipita-
tion process, such a coupling spparently has not been tested. There are no data
available on deconbamination and yields for a complete process involving fluori-
nation. Nobt only is considerable experimental work yet required to perfeet such
a process, but the enbire equiprent design must be developed and bested, with
the exception of the reactor for which a preliminary desisn is given in report
Cl=1206., It should be emphasized that this dry process is only in the very ini-
tial state of development zmd appears to present several operational difficulties
such as tempereture control and maintenance due t0 severe corrosion.

Jocket Removal: The Al jackebs can be removed by the same solution
method as used in the wet processes and deseribed in a previcus section of this
report, "Jacket Removal®. However, this procedure would necessitate the use of
& special dissolver designed to permit the complete insertion of a basket con-
taining the slugs for the jacket dissolving step and the subsequent removal of
this basket with the bars slugs for transfer to the dry fluoride exbtraction eguip-
ment. In the wet proeésses, the slugs are dumped from the basket into the dis-
solver and completely dissolved therein. An alternate method of jacket removal
is to lacerate the jackets before charging into the reactor; however, this pro-
cedure presents the difficulty of later removing from the reactor these jackets,
which will have fission eetivity deposited on them. It might be possible to dis-
charge them out the top by revolving the reactor or through a trap door in the
bottom or side. The mechanical problems involved here, -however, have not been

investignted.

Fluorination: The dry fluoride process described in the previous
survey report CN-1603 had a three~step fluorination procedure. The following
equations represent the successive reactions which oceurred in the reactor by
passing through the gases shown., These equations &ré revisions based on more

recant tests.

250°C,
2038 — 2 UL,
200%, »
3 UH, » 8 F——r 2T, + 7TH,
500°¢. -
Uﬁé v Eé————~—7 UFS {and Puﬁb)
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Further fluorination tests on & semi-works scale have shown thats
caking of UF, ccecurs in the second step and the reaction does not go to com-~
pletion. The use of temperatures as high as 7009C. for this resction gave
no improvement. iliechanical. agitation and vibration to prevent this caking
were considerad, but no study of these methods was made owing to the diffi-
cuitvies in application to plant design and also because the following two-
step preceedure appeared at that time.

The two-step fluorination method consisted of performing the firss
tuo reasetions simuldaneously and then following with the regular third reaction.
In this method the metel was converted to the hydride ( ) by a hydrogen at-
mosphere in the upper part of the reactor. This hydride Then fell through a
supporting grating for the slug into an atmosphere of FF and was converied to
UF,. Undue mixing of the two gases was prevented by introducing at the top
and IF at the bottom of the reactor, and removing both gases throubSh an exit
near the middle. The presence of moderate concentrations of HF in the re-
action had little more effect than that caused by lowering the Eé partial pres-
sure. Uranium tetrafluoride (UF,) did not form on the siug and prevent further
hydrogengiion. This two-step method not only eliminated the caking problem,
but also decreased the ®ime for the first twe reactions nearly to that previously
required for hydrogenation alone; however, further work was discontinued in favor

of the following one-step method.

The one-step method consists of a direect fluorination of the mebdal
under & F, pressure of 40 1b./sq.in. Although only a few semi-worka runs have
been made in this menmner, $his process appears t0 be the most promising, The
following propossd dry *luori&e separation process is based on the one-step
fluorinztion procedure.

Sxtraction end Decontamination: The dry fluoride process as visual-
ized at present consists of a fluorination and subsequent frectional distilla-~
fion to accomplish extroction from U and also parbial decopbemination. Aldhough

. the fluorinstion step mey be fairly well es tablished, the distillation step

apparently has not been Hested, and may be dlffzcult. Further decontanination
and isolabtion by dry or wet mebhods would be required. Decontamination by
coupling %0 a wet separstion process could probably be accomplished without too
ek difficulty. The dry deconbtamination system appears feasible but would need
9 be proved. .

The proposed flucrination procedupe (one~step) can be best deseribed
by reference $0 the attached flouwsheet, Figure 5. This flowsheet as well as
other principal details of the dry fluoride process outlined here were taken
trom report ON-1206. The reacior consists essentially of a shallow round $ank
with a removable liner and cover. The liner can be discarded whenever sufficisnt
fission activity collects on 1. The bottom of the reactor forms the top of a

s exerance ¢homber, which Teshz or gonle 4 ““”?‘n“ ng mecuized YLy

et e o

balflied hont
LiGns O ans CIUR 4 JLOWer-LUriuCe Lysueld CUuisSiasd uic Gidbe WIS aLLgb HrE PoLatcd
flat agsicst the botton of the resctor for good heat itransfer. Afbter the cover

has been velbel on, §Fy, o intredvssyd and the Dressure 12 maintsinsd o 40 1 sc.ia.
by opening slishtly the valve 0 the stack. The F; iz obtained from a zeries of
clectrolytic ca;lu locoted azer the reschor. The Peactor is heated sufficiently

Tluovination of the mebal. Since this is an sxothermic peaction, the

iz

gurface. OControlling the fluorinstion temperature may be diffienlt. The .,

ressel 1o cooled uo maintain a resetion jempersture of around 500°C, at the metal

e
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resulting UFg vapor, sweepling fluorides of Fu and volatile fission producis
with i%t, passes through a heated pipe to the boiler of a distillation unit
where it is condensed as a 1zquzd solution under a pressure of 40 1b./sq.in.
and 2 temperature around 75°C. The use of pressure in the system permits
condensation of U?E‘s as & liquid rather than as a solid. The non-condensible
gases, including Kr and Xe, pass out the stack. About 75% of the fission
products are probably non-volatile and remain in the reactor.

After the fluorination reaction is complete, the distillation sys-
tem is operated under pressure at total reflux until the concentration of low-~
boiling fission preducts, Mo and Te, ete. in the top of the column resches a
constant value. The condensate is then drained to by-produet storage. This
vabtch distillation and draw~-off procedure is repeated until the charge in the
column is sufficiently free of low~boiling fission products. Next the column
is opervated at 2 feirly low reflux ratio and the Uy is drewn off combfiauocusliy
from the reflux hold-up tank and drained to storage. Upon cooling to room tem-
perature the UF, forms a solid. The residues in the still presumsbly comtain
Pu and the high-boiling fission products, such as Cb and Zr, dissolved in aboub
one gallon of UF The control of pressure and temperaturs on the distillation
column might be glfflcult. During this dis$illation the reactor is kept hot to
prevent any liquid from condensing therein. Probably a small amount of gas
{Fo or M) would bs bled in to keep out vapors that might enter from the column.

Further decontaminstion is accomplished by dry or wet methods., In
the dry method %he UFg is 21l vaporized off, condensed, and drained to storage.
Then EF at 500°C. is passed over the solid residue $0 volatilize Cb and Zr by-
preducts. This should leave a sufficiently decontaminated Pu as residus. In
the wet method the l-gal. soluiion of UF, plus Pu and some figsion products is
gtean jetbed from the boiler inbto a prec%vztator tank conteining H,0. The
ghbean converts the volatile fluorides into non-volatile, water-soluble forms.
Regular wet process decontamination is then carried out,

Waste Digpogal: If the Al jackets are dissolved off the slugs, their
waste solution would be neubtralized with NaOH, and stored in buried concrete
storage tanks with air-ccoled condensers. If the jackets are lacerated, they
probably weuld be dischavrged firom the reasctor into a buried Sank.

A3 mentioned previously, probably 75% of the fission activity would
be non-volatile and remain in the reactor, If a removadble liner is used, this
could be replaced pericdically. However, it may be desirable to design all the
dry £iluoride eguipment as a compact unit to be installed underground end aban-
doned whepnever the fission zetivity builds up t0 o point where further operation
i3 undesirable. It is believed %o be imprzotical to ¢lean the equipment.

The UF, is %0 be stored in a separate tank and the U can be recovored
1T desired. The UFg should be relatively fres of fission activity. The vola-
tile fission products would be stored in ancther buried tamk. The radinssetive
gases passing out the stack are diluted 4o limlts voiersble for people in the
vicinity as is the practice with sueh gases from the zregular dissolvers for the
wet processes.




Corrosion: Operstion of the dry fluoride process probably would
present severe corrosion problems because of the presence of ¥,, UF , and
possibly HF at high temperatures. Although the equipment wou1§ be Iabri-
cated from monel metal which has a high resistance to corrosion from these
chemicals, it appears that maintenance could be a definite problem. As
shown on the flowshest, the valves would be located in an individuel cell
to facilitatve repair. The use of counterflows instead of valves might
be incorporated in the design. If Purther development work is dope on this
process, csxtensive corrosion tests should be included.

Advantages and Disodvantages: Advantages of the dry fluoride
process are:

1. The equipment is relatively simple because no agitators, centri-~
fuges, etec. are required.

2. Only one mejor chemical is needed (Fé).

3. Vaste volumes are small,

% UE% is essentially free of activity and stored in a useful form.

Disadvantages of the process include:

1. Critical temperature and pressure control appears necessary.

2, Severe corrosion problems are likely,

3. A special dissolver is required unless the Jackets are lacerated,
in which case thers is s difficult jacket disposal problem.

4. Disposal of Piesion activity may be difficult.

5. There is some danger of lines plugging.
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